
UNCLASSIFIED

AD NUMBER

AD004488

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; FEB 1953.
Other requests shall be referred to Office
of Naval Research, Washington, DC 22217.

AUTHORITY

ONR ltr, 9 NOV 1977

THIS PAGE IS UNCLASSIFIED



- -Reproduced by

,.l rmed Services Technical Information ggencyH
DOCUMENT SERVICE CENTER

SKNOTT BUILDING, DAYTON, 2, OHIO

A l i

,i

I _,a



o~~~ ~ ~ S ii- 
.y 

r
/~so 4 r_

IV, 
Cotr c N6.-,,3 Ta k O de I

;Cont 1952 N-r..31 Decembrer 1952

,U

4 v-



TO: Chiof of Naval Rseaaob
Office of Naval Research
Department of the Navy
•Waohington 25, D. C.

ATTN Micorobiology Branch, Code 443

FROM: J. A, Rerniors, Principal Investigetor
N6-ocr-83, Task Order III

SU3IECXT Enclosed Smi-Annuel Progress Report (I July 1952 to
31 necember 1952). Contract N-ori-83, Task Order III
NR:131-07?

DATE: 13 February 1953

Sir:

I am hroewith submitting the LOSUND-OM Semi-Annual Progress Report for
the period 1 July 1952 to 31 Deoember 1952.

As a result of conclusions reached at a conference an germ-free life
held under the auspices of the NRG at which ObR was represented byCapt. C, W. Shilling, Deputy for Bic Sciences and Dr. Roger Reid, Hfead

of the Microbiology Branch, it in unw necessary to set into operation
plans for the expansion of LOSUND Instituxte. Consequently a reorganization
of staff and objectives will take place in the next period. The reorgan-
ization is primrily aimed at firming up the base for germ-free life
production. During this period and as rapidly as possible additional
equipment will be plannedi constructed and put into operation 'o the
limits of proesent housing faeilitie. This will permit among many things
training of additional personnel and expansion of colltborative activities.

As presently planned the basic LOBUND Institute program on germ-free
life will continue as a group effort. This program has been discussed
in earlier reports but those aspects dealing with roaring of new forms,
description of germ-free forms now available in numbers, and development
and testing of germ-free systems will be emphasized. Especially it may
be desirable to eotend the descriptive survey by setting into operation
a program in phyniclogy and phrmmlogy. Speoifi•ally it is planned to
throw into this effort the fioilities of what has been our Biological
Tngineering program into order to provide greater facilities for the
testing programs. It is hoped that the exploratory programs will be
continue: but it ia evident: that they may decrease in the interim between
this report and expansion which must take place.

The report submitted points out that we are now past the 6th generation
of germ-free rats thus settling once and for 1ll the old problem of the
nesessity of microbes to life as represented by the white rat. More-
over, this also establishes a landmark in that there can no longer be any
doubt relative to our ability to mintain a colony of these animRlc. The
only problem is the expansion of facilities to make more of these animals
availcblo for experiment. With such an expansion the cost of germ-free
rats is reduced to a reasonable figure making this valuable tool available
for resarch. This is in itself ocomplte vindication of our original
position as set out in 1928.
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It is very essential that tho basic survey be continued in bio-
cheristry it the germ-free animl is to be used successfully. While
this survo7 of nutritional needs may seem plodding to those vho champ
at the bit in their desire to use the animals exporimentally, long
experience has convinced me of the absolute necessity of this approach.

The systematic approach which charaterized the work in LU•,MD Institute[ill continue to be emphasized.

Sinoerely yours,

Principal Investigator ofLN-ori-83, Task Order III
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V
I. AMINISTRAI"VE

FFO i R. FoErvin, Asieteant Director for Administration
(With the aselgrtanoe of B. Eilerman and 3. Mahon)

TO: 3. A. Reyniere, Director

SUBJIECTI: LSUND-ONR Report, 1 July 1952 31 December 1952

DATE: 31 January 1953

A. Task Personnel:

Au of I July 1952, 48 persons were employed on this T",k
Order. The salaries of 39 were paid from onftract appropriations
and 9 were paid by the University of Notre Dome. On 31 D'oamber 1952
50 were employed. In this six month period a total of 12 p•ople were
hired on the Task. Therefore, in order to increase total IMPloaMnIt
by 2, 12 persons were hired. This indicates continued job turnover is
high. However, it is limited to a very =all percentage of the total
staff positions. While we have attempted in several ways to reduce
this turnover, it beomues ore and mre appaemnt that a major re-
evaluation of salary s•ales on certain jobs mt be made. Tor exanpl%,
the divizg job in connection with the OF colony tank operation is oriti-al
and cannot afford frequent turnover.

B. Physical Plant:

Major revisions are being made to our 07 air upply system.
hew blowers are being Installed and enargecy power sources are being
investigated. This is in keeping with our efforts to make the gezm-free
system foolproof and 1imJ to emeg ency breakdowns if possible. The
Universit7 has spent considerable money on the air conditioning systes
to make their operation efficient and conatinuous.

Because of expnsion of control animal work, it has been
necessary to conver the Quonset ani house from a 'iame-free"
colony operation t a tandard expertnental animal building. This
was done reluctantly and we hope for a limited time only. %ps are
being •tken now to acquire from the University a portable buildi
for our control ahick ezperiments.

The new histology section has been completed and is now
functioning in about 1/3 of the X-ray room. This hbo given better
facilities for histology and at the same time piermitted more space
for the expanding physiological work in Dr. Cordon's laboratory.

Our media production and glasware cleanup room has beon
rearranged in an attempt to keep up with increased da.nd. An auto-
matic glasswLre --aher is being purchased to help speed up this operation.

Dank epace for Drs. Martin Forbes and Edgar Hawk has been
provided by crowding and rear-anging the egg inoubation room. Forbes
is on the Army necroeie problem and Sawk is on the NTH vitamin problem
(see Collaborative Prograne below and in Siocohemistr Section 1i1).
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C 1.ublications:

'(7 O(ur work on the collaborative dental caries paper with Zollor
7linic is now corpleted. riscussions are to be held soon between the
!,olier rroup rond the editor of the J. of Dental Reseprch.

Uonaiderabla data found at LOBUND Institute durinC the course
of the survey prolpct on (F life have been piven to Dr. Norbert H. Fell for
inclusion in the Handbook of Biological ')ato being published urder the
auspices of the NRC.

Fair progress is being made on LCBUNO Reports No. 3. It is
hoped this will issue within the next sixfo~ne,

D. Major Collaborative Prgraoms:

These are discusspd in detail in the various research and
collaborative sections of this report but are listed here as follow:

AEC (Advisory Coccittee) - Radiation injury
Army Med. Coraps (Paul Gyorgy) - Liver necrosis
NITH (Floyd Daft) - Vitamin C
NIH (". 11. 'hright) - Amebiasis
Zoller (J. Roy ,layney) - Dental caries

F. Proposals and Contract Ststus:

A proposral was submitted to ONR Washington on 19 Nover•ber 1952
for extension of Phase III from 1 Ttnuary 1953 to 31 December 1953. The
amendment authorizing this has not been received to date (30 Je ary 1953).

Amendments extending Phases I and II to 30 June 1953 are now in
force. Proposals for extensions of these phases will be submitted as
quickly as the problem of acou=.lated unobligated funds is solved by
extension amendments. An early meeting is planned ot LOBU= Institute
between an OMR VTashington contract negotiator, a representative from
contracts administration, ONR Chicago, and L03UM Institute &dministrators.

F. *Government Furnished 7quipment and Materials

A list of needed equipment and material has been 'oznmrded
to ONR Chicago with the request that a search be made to determine their
availability as OFT. This list is included herewith.

C



Apparatus

Interiational alinieal table model oetrifuge 115 V. A.C. with

two interohangeabl,e heads (4 place for 15 ml tubes and 4 plaon
for 50 ml tuboa). Similar to Sa'gent #16225.

International refrigerated oentrifugs Vodel PR-i like Sa-rgent
#5-16696 or the same type without refrigeration (Sargent 1600)

1 Analytical balanee with ehalsomatie device. Either Ainsworth
or Chrirtian-,eaker. 0O gram capacity, 1/20 mg at full

load smnsiti.vity. Like Sargent #3-2588 or S-2615.

Constant temerature water bath with inside dimensions appitzi-
mutely IS 12 6 Inches, Like Sargent #3-84745.

1 Wearburg respiration apparatus complete with glassware. Like
Sargent #8,.7480 or -87486.

Portable Poteniometer like Minneapolis-Honeywell Series 126O3.
aibrated 0.71 millivolts.

Pittsburgh Elaetrodryer apparatus for dehumidification of d±r

(uoh as was used on naval vessels when they were prepared
for the "mcthball" fleet). It Is not possible for us to give
eoxst models, e@t., but wuld appreciate any infoamation on
availability from Navy stores.

Batuch A Loab Model L photouzirographio apparatus omplete with

ribbon filament illuminator. Like Sargent #8-68090.

Laded Brass

2 lengths 3/18' round,, 1/4" "

S~Alumnum• or Dur~al

2 lengthi ~ach

2 ,1, 2j, d3
1/4 x I, 1*, 2, 2*, sad 3"
3/9 2 1. 1*, 2, 2*, nd3
1/2 x 1, 11, 2, 2j, nd 3"

Stainless steel

( 2 lengths each
"Fl-at• -1/8 2 1, 1J, 2, 2j and 3"

3/16 2 1, 1j, 2, 2j and 3"
1/4 x 1, 1*, 2, 2j d 3•

-n 1/2 and 3/40



II. GF"W-FRF. LIFY PRODUCTION

F FRO,: B. A. Teah, Chief of Germ-Free Life Production
(With the asiesietne of E, Zelmer, H. Thompson, B.
Terner, J. Uselding, 1. Timmons, L. Terry, 17.
MacAllister, and M. Zimba).

TO: J. A. Reyniere, Director

SUBJ1cT: LOBUND-O01R Report, I 3uly 1952 - 31 December 1952

DAT F: 31 January 1953

A. Apparatus and Teohniques:

The changes in the germ-free equipment and techniques to
facilitate the handling and production of germ-free animals are listed
briefly as followe:

1. Previously reported (ONR Report, an•lary - June, 1952)
as being tried and thought to be satisfacory were the all-neoprene
gloves formulated and made by the Dewey and Almy Co. After more
usage and new shipments, these gloves have not been satisfactory.
They were found to tear very easily during sterilization and to
possess many small weak spots which decreased their safe use in normal
operations.

2. Use of torque wrenches for all sterile-look tightening
is now a standar:d procedure.

3. A new watering device for keeping cages cool during
sterilization of olaves designed, and put into use,

4. All diets now prepar'ed for use in GF cages are in weighed

amounts so that each serilization will be siier and the ameuni of
diet used may be more accurately recorded,

5. Wire false bottoms are being introduced into all cagos, i.e.,
these replace sawdust. It is felt that this considerably improves the
activity and appesrance of the germ-free animals, and eliminates the
da._pness usually encountered when animals are bedded directly on sawdust.

6. Severl types of diet container. were triad in an effort
to eliminate wgstage by spilling, etc. The two mcst efficient up to now
are:. (a) A piece of stainless steel shaped as a quarter circle with
upper edge having a 1/4" lip. This is permanently attached to side of
the cago. (b) An ordino•r ice cube tray, 8" x 3k. x 2" with the movablo
dividers left in place.

7. An eight compartment metabolism cage, with facilities for
collection of urine and feces on filter paper, was designed and is now
being tested.
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8. Three additionel quiok-opening traps end one proportioning
device (as criginolly reported in ONR Report, July - fleoembar, 1950)

(ewere received and placed into operation.

9. All cages are being equipped with individual clave door
holders when such are not in use.

10. New type instrument holders were designed and placed

in use in our operating cage°

I, Animal Production:

In this reported period the germ-free work was handled with the
following equipment: 10 series 200 cages, 10 series 100 ca-ges, 5 series
50 cages, 4 saries 20 cages, I ,-ray cage, 2 examining cages and 1
operating cage - a total of 63 cages.

The rtcck colony of rats, a resume of which is given below,
has gone into the seventh generation. Reroduction was satisfactory but
the percentage of rats weaned wps low. It is felt that sith the
present change of diets frcm L-128 to L-356, the number of weaned rats
should and will show a markid increase.

The chicken work, a rewume of which is given below, has been
very troublosome and there has been an unusually high number of contamina-
tions. After investigation, it is felt that one cause of these contanina-
tiens has boen the improper handling of eggs at the source, i.e,,, the
supplier was sanding the eggs which in turn forced the bacteria deep
into the pores of the shell.

The guinea pig work for NIH to which two cages were allocateO
is fully described in the pthology section (Section V). Twenty two
Caesarian operations for ten eTperiments were carried out.

Germ-Free Rat Production
(I Y rruary 1952 - 31 December'1953)

Aniomle in colony 1 January 1952 - Adult - 8 1, lli
Preweaned - 18

No. born - 720
Ave. No./litter - 6A4
No. weaned - 258
w eaned -35.85

r eaned in control colony' - 24.6%
No. litters born - 112"
No. litt'ers weasned - 42

reaned/Teaned litter - 81.
xend/w•aned litter - in control colony* - 60ýý

tLOBUINM Control _4imal colony

• Includes 7 litters (49 pups) born from dams on en experimencal
necrosis diet. 7,%cluding these, the '. weancd is 38.5t,



No. weaned animals lost from spontaneous death - 35
No, weaned animals lost from contamination - 37
No, weaned given to exporiment - 103
N;o. ,ened in colony 31 Deoember 1952 - 120

Breakdown of erperiments receiving weaned rats:

Colony tank apparatus - 40
X-ray - 32
Dental Caries - 19
Neorosis - 8
Biomhemistry - 4

Rat Contaminations, Stock and L,4parimentaa

A. No. of Cages Contminated 5

1. Contaminations from Manipulations 3
No. of transfers 78
No. of sterile olives 1200
No, of cage sterilizations 100

Total manipuleaions 1378

2. Contaminations due to glove break 2

Germ-Free Chick Production
(1 Yanuary 1952 -31 D-eom be=r 1952)

No. eggs get 2971
No. hatch controls 1095
No, hatched in R.G.F. units 395
No. hatched in G.F. 298
1.c. chickens oontaminated from

hatch 97
No. exrp. contaminated from hatch 11
No. chickens contaminated by

manipulations 65
No. erps. contaminated by

manipulations 5
No. expa. contaminated by

glove breaks 2
No. erps. germ-free 26

Chicken Contaminations

A. No, of Cages Contaminated 18

1. Contaminations from manipulations 5
N of transfers 20
No. of sterile olaves 450
No, of cage sterilizations 70
No' of trap passages 50

Total M,.anipulations
2, Contaminations from Glove Break 2
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.II. RIOC!MVISTRY ANn NUTRITION

FR0,! T. D. Luokey, Chief Biochemist
(With the assistance of M. Deaver, L. macAllister, T. '¶ende,
A. Pappas, J. Ploasants and L. Takacs. In collaboration with
M. Forbes (Univ. of Penra.) and E. Hawk (NIH) who are in
roesdence at LOEUND Institute)

TO: J. A. Reyniers, Director

SUB",CT.: LOBUND-OMfl Report, 1 July 1952 - 31 December 1952

DATt: 31 January 1953

A. Biochemistr:

1. Survey of the Oerm-Free Chick:

The comparison of the gorm-free chick with conventional biochemical
chicks is illustrated by the data taken from 4-5 week old White Leghorn
chicks as presorted in Table I. It is noted that there are no great
differonces between the two (with the exception of riboflavin in tie bile and
possibly niacin). The threefold differences found in liver vitamin B 1 2 ,
cecal contents niacin, and biotin in the bile my be of some biological
inmportance. The high amount of riboflavin in the bile very possibly
represents n qualitative difference in some liver function.

The values given show statistical 1ifference (p a 0.05) for
lung ash and fat; brain ash and pantotbenate; niacin in the cecal contsnts;
liver ash, tfat, pantothernate; folio acid and vitamin S12; and bile
riboflavin and biotin.

2. Survey of the Germ-Fre. Rat:

Since material is still being collected for this project, it
to premature to discuss any details. The general pattern appears to
b csimilar to that of the chicks: there are no great differences. In
short the germ-free animals are biocherically healthy.

3. Analysis of Rat .ilk:

The work with the analysis of rat milk hm4 shown the foalowing
mineral composition on a wet weight basis:

El ement

NA 0.136, 0151
0.146, 0.111

Ca 0.251, 0.289, 06490
1, 0o184, 0.227

These values agroe fairly well with previous data.



BIOIM10TCAL SURVMf OF FRM'H TISSU I'N ,,.TT', RIf01RN CHICKS
Tissue Opt Ave Fat Total Flavin Niaoin Calpan Biotin Folaoin Vit. B12 Ash

Blood A 3 - 0.0 2.6 M• 0.05 0.72 2.86 -
B 4 - 0,0 0,0 1.2 0°06 0.72 4ý21 -

P 1.0 .08 .38 .15 o97 .31

Lungs A 4 4.8 2.7 - - - - - 7.5
B 4 3,4 2.5 - - - - - 6.3

P .02 .08 .01

Brain A 3 5.5 - 2.3 25.4 55.3 0.88 0.53 15.1 8.4
B 4 6.8 - 2.1 21.8 64.8 1.11 0.55 16.3 7,1

P .27 .70 .19 .01 .16 .80 .74 .03

Acne A 3 - - 14.2 3240 5.9 1.7 6.0 6,0 -
B 3 - - 12.8 20.5 5.2 0.9 1.8 3,4 -

P .80 .52 .58 .23 .63 .61

11usole A 3 2.4 - 8.1 33.5 17.5 3.0 0.8 15,1 5,2
B 4 2.3 - 10.9 46.5 14ý3 2,8 1.1 1516 4,4

P .27 .59 .89 .86 .69 .33 083 .26

Cecel A 9 - - 10o9 12.1 5.5 0.2 2.3 14,5 20.3
Con-tents R 10 - 7,3 37.2 7,7 0.5 1.8 18,4 24.3
P .09 .01 .68 .66 .26 -06

Liver A 10 4,0 3.1 21.6 10.9 66.4 5.1 4,4 323 5'8
B 13 7,5 3,5 23,3 10.8 48.0 4,3 3.3 171 4,3

P .01 .50 .91 .01 .22 ý02 .01 .02

Bile A 3 - 0,72 4.2 7.6 3,1 0,24 0,36 6,0 11.6
R 3 - 0.70 12.7 8,8 2.3 0.07 0.40 3.9 12.5

P .93 o01 .85 .27 '01 ý94 - .41

SGroup A is germ-frao chicks, Group D is conventional chicks. III chicks
7ere 4-5 weeks old.

Statistical difference indicated by less than 0,05.



•',fforta are directed toward obtaining a suitable method
for the determination of individual fatty acids in rat milk, The nert
step in this work will be the quantitative examination of the amino
acids of rat milk.

B. Nutrition:

1. Reproduction an Steam qtarilized Diets.,

The praqent germ-free albino rat colony, and a parallel conventional.
colony were maintained from 1950 to late 1952 almost exclusively on a
seni-synthatio type diet, L-120, ontaining all known essential nutrients
ir, quantities sufficient ti• adsqufte after autocleving. It also contained
liver and yeast as potential eseuroes of unknown factors. While permittiig
reproduction through successive generations (now up to the =. generation)
this diet rnd/cr other factors operating in the germ-free environment,
resulted in sub-optimal performanoe, especially in lactation. Fifty-fivye
GF 9 bore 885 young (16.1 per 9) but reared only 311 (5.7 per9).
These reared were too small to wean at 21 deys and were weaned at 26 days,
when weighing about 27 gm on the average. The following Table 11 gives
comparative data obtained with diets L-128, for L-109 (another semi-
synthetic diet), and for L-189.

TABLE 1I

~T. State of 7. Weaned Tel. iT1. Post-weaning V Ib ea~ring at
Anim1 at 21 Days Growth gmiday least one

to 70 days old litter,

128 OF 35 20 r o0 36 91

128 Cony, 32 33 5.8 3L4
'109 OF 0 - 3.5 22 3
109 Conv. 72 51 5.11 3.2 100
189 GF - 4.1 3.0
189 GF then I00 45 100

ocnv,

189 Cony, 92 35 4.3 2,9 83
Rockland- Conv. 80 40 3.6 2.6 91
Speclal
Rocklando.o Cony. 75 21 100

Sinco natural type diets might improve performan.ýe by providing
unknown factors or known factors in better proportion, a long series of
e•perinints were set up to find the boat natural type stock diet. Pilot
experiments showed that conrercial natunil-tv.pe diets could not be used as
such. Autoolaving reduced their growth-pv-omoting power by a third, cut the
Sweaned by a fourth, anC reduced the weaning wt. by oe~r 4.0%. Two apprcaches
were then followed:

* Contaminated with the usual animal colony contaminants.
.0 This diet was not sterilized; but is givan as an example of performn•nce

on a commercial diet.
.** This diet was made by the Arcady Milling Co. and was patterned after

Dint L-275 (nee Table III).
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A natural-type diet was made up at LOBUND with the usual stock diet
proportions. This suffered the above-mentioned reduction in efficiency
on autoclaving.

A series of experiments showed that the efficiency coulld not be re-
stored by adding =ore B-vitamins but was oompletoly restored by raising the
proportion of casein. This casein fortified diet became L-189 which was
fed through 6 conventional generations, with the results shown in Table II
and has been tried several times in OF, Of two GO 9 which had a chance to
breed, with•r bred up to 106 days of age while 7, but both conceived
within 4 days of being brought out to the conventionally contaminated

colony. They reared hslth7 litters (see Table 11),

Various supplemonts: cesein, corn or soya oil, and Torula yeast,
w6re added to a commercial stock ration in various proportions, The diet
was fed nonclaved. No one ombination gave optimum performance in all
functions, but one combinrtion gzvw batter rarult: than the others in
birthweight, weaning weight end neonatal survival.

This combirntion became a pattern for meveral diets fed to GT rats
in late 1952, i.e., L-330, L-349 (L-330 with cellopbane). These contained
78% ground bookland Rat Checkers, 10% crude casein, 7% Torula yeast, 5%
soya oil, plus concentrated water and fat-soluble vitamins,

While these experiments were going on, a variety of changes were
made-in the texture and degree of refinement of the ingredients in the
old IF stock diet, L-128, to see if reproductive efficiency and the fre-
quency of twisted coca would be effected.

71 Complete results of these Go experiments are not yet available,

TABLFi I1

Diet Composition (.)

Ingredient Diet L-189 L-275

'hole wheat flour 50 -
%uttermilk powder 13.5 -
Yeast, dried Brewer's (Toruls) 9 7
Alfalfa leaf meal 4.5
Mj eal scrap powder 4.5 -
Salts L-I1 2.7
Liver powder 1-20 2 -
Oil, corn (soya) 2 5
Ladek-3 (A & D only) 1 1
B-mix 30 2 -
casein, lebco (crude) 10 10
Rockland Rat diet - 78

(parenthesis give type material used in Diet L-275)

2. Chick Nutrition Survey:

The grorth results from an examination of tho vitamin rer-i-rernt
of the germ-fr'3e chick are summarized in Figure 1.



IFI

G-o'wth of Gem-ru-7e Wbite Leighorn Chioks

Fed Vita.min Deficient Djiet

'St.

300.

270

240
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0 8 16 24 32 Days

1. Control 5. Vitamin D low
2. Vitamin A low 6. Nbmin low
3. Folio Acid 1ev 7. Riboflavin low
4. BiOtin low S. Thimain low

)
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It is quite evident that germ-free chicks require tbe same
vitamins, qualitativel7, as the literature and our work Indicates,
are tioaded by the conventional chick. Other data indicateos the
-erir,-free chick requires vitamins D, F, and K. re are presently working
with pantothenio acid and hope to do some work in the future with less
well deflned vitamins such as vitamin B1 2 , p-amino-benzoic acid, lipotc
acid, and possibly vitamin ". The next major rtudy on this problem is an
exainstion of the quantitative requirement of onoi or more of the 3-vitamins.

3, Antibiotics Fed to Germ-Free Chicks

This problem was summarized in some detail six months ago (also
a special report was submitted in June 1952). Since this time we have
turned to a study of feeding smaller quantities of antibiotics to germ-
free chicks and are injecting antibiotics into germ-free turkeys. The
work has gone rathnr slow due to low numbers of chicks hatched and some
contamination (see production report).

4. Dist LaboraUory

The work of the diet laboratory for the past year is summarized
3,n Figure 11. The addition of a second mixing bowl has helped the busy diet

girls materially. As dhown in the figure, the quantity of diet made each
month during 1952 was considerably greater than during 1951. If this
increase continues, there will be a great need for more room for this
operation.

Figure 2

Amount of Solid Diet Made 1•oh Month ('51-'52)
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C. Collaborative Prob!lma.

1. Tho Ttiolog of Dental Caries (with Dr. BIaynej and Dr. Orland
of the Zoller 1Dental ulinic of Chicago Universitr),.

The first phase of this work in completed and the work has been
written up for publication. This written material will be submitted as a
special report in the near future. The conclusions of the paper are,
as previous reports in this section have indicated, that germ-free rats
do not develop carious lesions when fed a diet shown to be highly
oariogenic In conventional rate.

The second phase is reported in the Bacteriology Section IV
of this Progress Report.

2. -tiology of Hemorrhagic Liver Necrosis (with Dr. Gyorgy and Ir. Forbes
hUniversity or Pennsylvania Medical School).

See progress report prepared by Dr. Forbes in Section VII.

3. The Role of Ascorbic Acid (or Antibiotics) Replacing the Rat's Require-
ment for Pantothenic acid, in collaboration with Dr. Daft and Dr. Hawk
of the Institute for Arthritic and Metabolic Diseases at NIHM

Preliminary wort is being done to try to set up a critical
eoperim-t for the use of germ-free rate.

It seems premature to do more than mention that this work is

underway. A progress report from Dr. Hawk who is in residence at LOBUND
will be submitted in Zuly.

4. The Presenoe of Zriothionins in Germ-Free Chick Tissues, by Dr. D.
Melvelle, Corell Univeraity Medical School,

Dr. Melvelle received samples of germ-free chick red blood cells
and has found ergothionine to be present. He was written a paper to report
this separately. Mien reprints or references are obtained, CNR will be
notified.

5. The Presence of Vitamin T in Germ-Free Animal Tissues, Dr. Fraenkel
of Ise University of Illilnole,

Chick tissues were shipped to Dr. Fraenkel for the analysis of
carnotine. He reported via letter that this material (Vitamin T) was
present in germ-free chick musole.

D. Future:

The work of the next six months will build upon the work done to
date. We expect to complete the evaluation of the merry-go-round oage,
the writing for the third LOBUND R!eort, the analytical wort on the
germ-free rat survey and th 1initia phase of the antibiotic problem.

S.. ... . . _



.hcra &re many needs in the biocIheoistry laboratory Lor a
eoffioint operation. The lack of the following haa made our work lean
0 omplOt 0:

1. Adequate standardization of stock animals (particularly
moro apace needed).

2,, Centrifuge, standrtd type or refrigerated.

3, Reapirome'ter, Tarburg.

4ý Reading device for paper ohromatographic and paper
olectrophoretio rtudies.

5. More space in the diet laboratory.

A request has b,:n submitted to R. Ervin for the above apparatus
if in Navy stocka or available elsewhere.



IV. UACTERIOLOGY AND SEROLOGY

SFROMI I M. Wagner, Chief B acteriologiet
(With the assistance of J. D'Agostino, A. DeLeva,
3. MCLain and M. Osterhout).

TO J. A. Rayniers, Director

SUBJECT: J!D..-ONR Report, 1 July 1952 - 31 December 1952

DATE: 31 January 1953

A. Bacteriological Testing of Oerm-Free Cages

Ths function of the bacterioloi7 laboratory continume as
a service to various LOBUM projects being run in germ-free type

apparatus.

Bacteriological examination of rats which hovi died after
X-ray radiation have been made. The data is recoreded in the addendum
to this progress report: "OSND Study on Comparative Effeots on
Total Body Radiation It".

C. Post-Mortem Bacterial Invasion into the Peritoneal Cavity of the

L Conventional Albino Rat.
A preliminary study has been made to determine the approxinate tims

at which po-'-mrwtem bacterial invasion takes place into the peritoneal
cavity of the conventional non-irradiated albino rat. The data is
recorded in the addendum to this Progress Roports "LOBUND Study on
Com=arative Efftcts on Total Body Radiation 1".

D. Intestinal Penetration by Bacteria and Bacterial
Products (in collaboration with Fhysiology-Patholoy Laboratory
See Section 7).

E. Dental Caries Projeat (Collaborative Project befsmen LOWND
Institute and the Zoiler Yamorial Clinic, Univ. of Chicago).

The present phase of the dental caries project is to study
the role of single-type bacteria in the caries process. Gerrifree animals
are purposely inoculated orally with a viable pure cUture of the test
organism and maintained as a mono-contaminated group on a diet, which
in the conventional laboratory rat produces a high incidence of dental
oaries,

Experiment 39Dl-9 involves the use of the lactobaoillUn
(Lactobacillus #465) in such a study. The outline of this experiment
was presented in the progress report covering the period Januari to
June, 1952: pgs• 20-21.
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Briefly, 12 germfree rate wre divided into three groups
of 4 rate each.

VGroup Ai Four rate maintained germfree throughout the experimental
period on oariogenic diet L-128 + 5% dextrose water for

lOdays..

Group AT iFour rate maintained germfre 48 days and then inoculated
orally with viable Laotobacillug #465. Maintained as mono-
contaminated sr.mlA in germfree-Ty' equipment for 150 dav
experimental period on cariogenio diet L-125 + 5%iiztrose
water.

Group AIS Same as group AT exoept that after oral inocu•a•ions the foar
- rate vere brought out into the conventional animal ooloir'

envromnt wid mintained on the cariogenio diet L,-128 + 5%
d water for 150 dase

Group B Set up indepernmntly using the conventional laboatory rat fed
tI autoolavad cario•gria diet L-128 + 5% daxtro water. This
group vas used as a dietary control to demonstrate that in the
animal colony enviro•mnt the conventional rate v= develop
dental oarles in a 150 day period on the diet.

Three objectives wre prpoaeds
1. Examination of the molar teeth for caries evaluation.

the oral cavity of the rate constituting roups AI, AI3 and
B and comare to total bacterial count.

•. Observe survival of the ppeoitic test orgarism, Laotobacillus
#K in group A1h brou.t to the "outside convieno~nr"

Groups A., AI and AIT have been saorificed and the heads sent to thei ~Zeller Memorial Clinic for caries evaluation. Group B is still on expetilmnt
, at this writing.

Gross examination o the mlar teeth has revealeda
•oup A - no pross lesions evident.

Group AT - no gross lejions evident.
Grup AIS - gross lesions present.

Preparation of sacions for icdroscopic examination of the =l1ar
teeth is still under•m at Zofler Clinic. The final gross and rdcroscopio
evaluation for all groups will be available for the zmzt Progress Report.

The oral bacterial counts run on the rats from Groups AIp .DB and Bame recorded in the accompanying table and graph. It is to be noted that
since Group Al is the group harboring only Laotobaci..Uaa A65# the data
given for Total Count, Total Lactobascillu, Count (& tpe-and
LatbcfasM 3curir the same~ for this groups
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Dacterial Counts from the

at -No. No, BazteRa Peor GranSamie
Bacteria rou; Rats . Cultures , dnin ME==

Total Count AT 4 24 9.50 x 1020 x 10 6 1.52 x 105
on

Blood Agar IB .42 2.72 x 106 8.63 x 18 1.56 x 108
( robi) B* 42.7 x 10 1.98 x 109 3.80 x i08

Total Laotobaoill Al 4 24 9.50 x 3.02 1. W 1.52 x l
S(all s) AI 4 44 5.0 x 104  2.8x1 57 X

B* 4 28 1.91 x1o5 3.1 x 10? 4.07 x

AZ 244 96~ 110 52 x 1o
rjA'.65 only A 14s j* 1*13 x107 1l.1Isx iý

dt l 28 0 0 o

Additional data from Group B still fcrthoom.
*~ Laotcobaillus • was not detected in 9 of oultures run in this group

TO.La negative cultures). Negative cultures obtained in each of the faour
rats com'rising the group.

The data in the above table is shown graphically (fig. 1). The bars
ezpre•as the rdnim=-m•d•nm range of the counts observed. The dotted line in
each bar represents the average count for the group,

There was considerable variation in the successive counts made on
individual animals as well as •mng the animals within each group. No one
rat shcwed consistant high or low counts.

Th average total counts for the AIB and 3 rats (housed in con-
ventional a room100r0 rospeotively 1000 and 2500 times greater than theaverage count for group a (mrono-oontainated gmup). There wan no overlap
in rwximnm AT total count and minim= AIB or B. total counts.

Regardina tital laotobacilli, groups AIB mid B excoed the Al average
count by 17X and 26X respectively. There was an overlap betveen the nanim
AT count and minim=~ AIB and B counts.

The Laotobecillus #k* data involves tba specific organism orally
inoculated into groups A 'anilAIB. This organise persisted in the A'I group
after the rats had been brought out into the conventional animal colory en-
vironment, Variation in Lactobaoillus A465 count was ruch greater in the
AID group. In 9 uut of 4 oulturs run-'We L-#446 was not detected. At
other times, counts higher than -the maximum group AI count were encountered.
On a-, owrall average, groups AT and ATB were practicnlly idsntloal.
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Figure I
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1roup 3 rats tmre not orally inoculated with Laotobaoillus /1146'
and the organiosm haa nt been detected in this group o

Ah experiment similar to the one desoribd above is ourrently being
run at LOBUNMD. (index 39D2-1) However, in this caue, Stre tococcus
lc.sfacien, 9 has been substituted for the lactoboaille asIh
mono-flora In group Al.

The rationale of the "laftobailluas" experint has been the
attampt. to produce dental caries in a bazteriologinally controlled en-
virormnt, using a single VWpe, highly aoidogenio lactobaillus as the
potential etiological agent. This oonisea ona test of the thory re-
gardine the role of bacterial acidogemsis in the caries process.

The current experiment is set up on the saw basis, bt employs a
strongly proteolytic organise, Streptooaoua ,,cfamiena as a test of the
proteolytij theory of cmiogeness. This organism Is also acidogaere,
although not to the extent exhibited by laot'oba•illi, Results from tYis
experiment will be forthcominrg in the next progress report.

F. Intestinal Mi'volo-ra Studies: (Preliminary)

Bacterial counts were made from the contents of various segments
of the gastro-intestinsl tract taken fromt

(1) Rats yintained in germ-fre type apparatus with a
single type bacterial contnamrnt. (Mon'nflora)

(2) Rate maintained under oonventional animal room conditions
(Polyflora).

The objective was to ascertain whether bacteria, existing as a
-mflaras Ln tha int-stinal tact of the rats attain numers oorarable

to the numbers report&d as "otal count" in conventionaDy reared
animals harboring man different types of nicroorganiAsms,.

The following preliminar7y data was obtained from 3 pair of rats
all fed diet L-128. The fintg and third group also received 5% dextrose
water ed Jib whereas the middle group was fed distilled water.
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Bacteria par Gram (Dry )Oatro-Intestinal Contents

l _ _ _ _ __ _ _ _ _ __ _ _ _ _ __ _ _ _ _ __ _ _ _ _ _ _ ____ __ __ __ ___,___i_

Bacterial Grouapings

La ctobacillus #46 Bacillus cerous Conventional
Monoflora Nonoflora Polyflora

3D9AT(C (Code:H 3Co 9Dl-9AIB).Rat. 6/.• RaLit p 'ý Rat #9 "~ #,''o 25

Sto, ch 1.59 x lo5 1.69 z 04 ",.61zo5 5. 72zoiL 3.70o 8 4.53409

Mid-
intsti 1.x 1 1.26 x -10 •_ 2.oe1o 3.2MAoa 6.5;xo0u

1OMM224x 169 1.20 x 0 7. 5 Bia0 1.12x1 0 - 1 92xl01 0

Colon. 1.77z 109 621 x 109 9.234•0 1.67x1O 2.37?Xl10 2.304610"

h stom and md-intestine of the two mnoflora groups wire
lower than that of the conventional group.

The m= and colon oounte in the Lactobini3lus mornflora group
Vwere considerably greater thuan conte in the upper sagentsi(i.e. mnimu
V difference approximately 11,000 Xi = dmc~fm dtfenoree e roximtelv

DoLo X). X*This wide spread between the upper an lower sepunta was not
Nm ntha convantion7l-am~iap who"i the- miimmx.m spread wass

only approximately 2X to approximately 70X.

The Bacllus dereus mnoflora Fmouo did not shxm, to mment P

n-r* vv, ~'P I e v5 r wttestinalS sagmts, Ho=vM thand colon counts wer oorniderably lower than those in the coritional
grou~p. This lover Bui t lu be due to the fat that this group was not

fed dextrose water.

Go Universal Serologic Reaction with _d Antien

Introductor7 remar and data regarding the "universal
serologio reactionN in germ-free ohiockns wer presented in the Progress
Report snbr.tted for July-Deceher 1951. At that tim, there seeed
to be a qualitative difference between germ-fraee and conventional
chickens in reactions run with NaCn diluents at the 0 and 0.15%
conoentration, i.eý germ-free chicks failed to react in these liver
NaCi concentrations while the conventional animals did.

Observations of several rore ohioknrs for each category has shown
that these reactions are not clear cut (see figures 2 & 3). Thus# although
5 out of 6 Nrm-free cases were negative at the 0 and 0.15 Naci conoentra-
tions in the germ-free (20-31 da- age group) I case did react at these
concentrations.
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Slrniýrxly t• thc 60-90 day age lovel; 4 out of 5 c-frco
cases failed to react at the 0 NaC2 concentration whereas 1 of the 5
dlcd roact. These apparently aborrant positive reactions negate the
uniiformity of n neontiva zone in the serologic pattern,

However,, fromr the quantitative standpoint at these lower N•aCl
levels, the nverase curvc for germ-free serun at the ONaCi level is still
vorj Iow oven if these aberrant values are includad. The convontional
ohioloknrs show a distinct peak at the 0.15% NaCi tact. This pcn is not
seon in the germ-freo averaso curve. In general, the titers for germ-free
chicken sera tend to be lower than Perum taken from conventional birds.

It is also interesting to note that serum from 48 chicks at
0 - I day of age (run as 4 trials of 12 pooled sera each) failed to
react at all WaCM concentrations fPm 0 to 2.1%.

H.iil ZP-ji nGraFo a-.A Convantional Chickens to
Parenw 4 ntected Ati,-n

In previous reports, the so-oallad nataral antibo# picture
for germ-free and conventional chickens has been described. Currently,
an experinent is underviy to deternine the antibody production potential
of ger=free vs. conventional chicks when parenterally stimulated
with bacterial or foreign seram antigens. Results will be available for
the next report.

p
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V. PHYSIMOT:Y ANM IPATHOLOOYi
F PR OM .-: li A. Gord n, Chief Physiologist (with the assistance

of W. Scruggs and P. Wolfe. In collaboration with B,.
Phillips (N7H) who is in residence at LOBUNT) Institute)

• TOt 3. A. Reyniers, Director

I' BUBJ'MT: LOtUN-ONR Report, 1 July 1952 - 31 December 1952

D PATE: 31 January 1913

The basic responsibility of LOBUWD Institute is the per-
formance of comparative studies between gnotabiotio* and conventional
animals. Too early deviation from such survey type of-wrk into
speolializesd experimental fields has shown its undoesrable of focts
through all history of germ-free research: insufficient knowledgeV 'of the various aspects of gnotobiosis has and may often lead to the
"improper evaluation of experiments where this form of life has been
used ae the test system. Thus we are convinced that, • ,S,, the germ-
free animal when used in premature applied experimertation can have
no lasting value among the tools of biological investiga.tion. There-
fore the objective of this laboratory is to perform anatomical, histo-
logical and physiological survesp in various Snotobiotio, mammalian

a rc avian iorms %i supply suiiiain =puraiivv Zalu. % !a mlww
felt thst these shiould pe r omplementea by a systematic studye of the
retorganisms' response to pathological ftressl This is well within the of
tLhgUeM directives as set out in the otyginal program.

S~The compilation of data in the pasrt years followed this pattern

-as closely as it was permitted by ohe available animal raterial. lsp a
result of this effort we have today a fwlly reliable anatomical study of
the germ-free chicken; a somawhat sketchy anatomical survey of the

chocks in the histology of the rat as well an in the pathological responses
Sof both g-erm-free and oontsminated chickens and rats. Until the beginning

of the period oovered by this report we had not run any physiological tests
an ge'm-free or control-contLminated animals.

rt In charting cur future course, the orig nal concept calls first
for the completion of the morphological surveys. However, in this
respect airtain difficulties arose. The quantitative anatomical survey
with the conoomitant statistical evaluation must rely at least on tens
of animals reared under identical environmental, dietetic, etc.,conditions
in order to obtain significance. This was made possible in the case of
the Bantam chickens which finally permitted the completion of the

F anatomical survey of one germ-fres form.

In respect to the rat it wan originally hoped that the hfe±-
catastrophe suffered in LOBthT's colony in 1951 would supply sufficient
acceptable animal material for a quantitative anatomical survey. Unfor-
tunately, the conditions of heat-killing as they'oocurred at that time
influenced the dead animals in a rather adve-so way, dimning the possibi-

0lity to use them as thi sole material in the survey. The main trouble
jThe word "gnotobiosis" is used to define %3l forms of life maintained

germ-free or in oonditions of controlled contamination.
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r": •with '.iC Ernu iincrs to oterm from the look of un exsanquinat ion
• :..ieh is of Crtartcnt importance in the analyslis of organ vai~ht,.

On the other hand, the isolated live gero-free rats of different dietetic,
etc., background which trickled into this laboratory durilrg the past
Syears were simply insufficient to fill the various categories with the
proper number of participants. Actually, w: would do a disservice to our
own germ-froe animal material, if we would try to draw the "anatomical
baseline" for the germ-free rat with the help of few haterogenous animals.
Thus the completion of this survey will in all probability depend on the
expansion of our production facilities.

The histological survey of both chickens and rats, though
unfinished, is well under way. It follows from the nature of this kind
of rork that only feavr aimals and ample time for microscopic observation
are needed for this type of work.'

U These being the conditions in our laboratory at thr bsginning
of the recent school year, we wei-e faced by some pressing questions.
As mentioned before, the ýomplotion of the morphologioal survey se•ed
to have the logical precedence, At the same time, however, chiefly
because of the relative lrnc~ of erperimental animals, a certain mount
of time was left unused in our hands which we felt should and can be
used for research.

In order to bridge this conflict we have begun to develop wid
refine some methods which premise to be advantageous in the pursuit of the
future physiologiosl survey. This decision was only strengthened by the
lanoo of physiological information about our gnotobiotic animals whioh made

Itself felt rather intensey ýduring the past years. Simultsnecuslý,
however, it ras understood, that the completion of the morphological
survey will maintain its first priority in cur laboratory schedule.

Contributions to the problem of had rearing omamals seemed to
be a secondery, but none the lees important task of this section. There-
fore, additional ozeperiments were performed in the physiology of intes-
tinal absorption of the oaesarian-born baby rat, during the first hours
of life,

The experimretal follow-up of some TOBT commitments to

various agencies should be also mentioned. '.2eriments run in collabora-
tion with our AIX Advisory Board as well as with the Laboratory of
Tropical Disease of the National Microbiological Institute are described
in attoched reports,

In the closing chapter a brief report is made of this lab's
activity as a pathology seriioe unit to LOBUND's germ-free animal
production division.

In a summary the total number of animals prooessed in this
laboratory during the past half year was as follovs: 743 rats, 49
chickens, 74 guinea pigs.

A. Sur= of Onotoblotic Animals:

In the following paragraphs an attempt will be made to prosent
a trend of thinking, a few technical approaches together Tith preliminary
results which aim to explain in physiological terms the morphological
findings hitherto made in germ-free and other gnotobiotic animals,
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•s nontioned in rrovious reports, morpholoical diff('-,nr',o'
exist between germ-free and conventional animals in respect of (1)
oreFns of systems which come in direct contact with the outside world

(tegumentary, respiratory and digestive) and (2) in the ratiouloendothelial
system which at least in the conventional animal constitutes the cellular

defenne mochanism of the body. In both instances the germ-free animal
soms to have less or less well trained tissue available.

In the selection of a proper chronologimal sequence for the

proposed physiological study, it appeared that the digestive system should

have precedence over the others because of its overall important role in
the host contaminart relationship. tmong its functions it was tentatively
decided to investigate first: the absorption and secretion of foodatuffs
and soluble bacterial products from and into the intestinal canal; pene-
tration of bacteria from the intestinal canal into the host. 3oth pro-
jects were planned to be studied in cooperation with LOBUND's biochemistry
and baueriuloug laboratories.

In respect of the study of the retiouloendothelial system it
was felt for a long time that the customary methods of reading .'esults
(hematology and histology) are in Crest need of refinement in the
observation. Reticuloondoetheliel cell production and utilization
(breakup) in various sites of the organism seem to require further
elucidation, or more precisely, neo was felt for preparing leukocytic
balance sheets at the organ level (as Yoffey ax] others havw done it for
rne iympnocyme in the organism as a w0o1e0. .IT was E4so guggesied thnw

Sthis work should be paralleled by serologioal observations in LOMNUD's
serology laboratory.

B. Techniques:

L
Methodologically, it appeered that the initial phases of both

projects (intestinal penetration and leukocytic balance) should be studied
in an acute sexpriment. The reduction of the e of observation to a
few hours after the animal's removal from the gem-reoe unit together
with the reduction in the site, where the observation is =ado in a single
orga" or in a part of an drga- (such as one portion of the Intestine) terds
to reduce variables and makes observations more specific, lesides, it
also permits to perform such delicate operations under less of a handicap.

Intestinal absorption and secretion is studied with the
"isolated loop" technique in the "retrieving" type experiment (a loop at
the desired height, in the length of I - 2" is ligatured at both ends
maintaining proper blood nirculation, Photo 1: the substance whose passage
will be studied is introduced in known amounts into (1) the loop (nbsorption),
or (2) into general circulation (secretion) ; after the lapse of known tima,
the substance is retrieved from the loop). This type of inforaption
is supplemented in the pr~eent experiments by simultaneous determinations
of the substan0@ in questkon in (a) mesenterial venous blood draining
the loop, (b) chyle from the mesenterial lymphatic trunks, (c) mixed
venous blood from the cave syster, (d) arterial blood, Bacterial penetra-
tion is studied with the help of the s4me method under sterile cautalee,
omitting only the retrieving.

4I



In respect of the positive or negative ogen Aontribution to
the circulating retiouloendothelial cell picture, it was decided to per-
form initially a survey on the lsukocyte-conoentration (differentiated
into granulocytes, lymphooytes, etoa) in the venous blood of various
organs, together with similar counts in the arterial blood, The no",ssity
of simultaneous determination of blood flor measurements was clearly visualized
at the present t.me, but omitted because of toohnical difficulties.
Proper blood and lymph somples were obtained by the use of polyethylene
tubing mounted on narrow gauge syringe needles. Cannulation was performed
manually under loupe-magnification,

C. Preliminary Results:

1. Absorption and Secretion Studies of Foodstuffs (in collaboration

A mixture of B vitamins was used for this purpose in a preliminary
experiment. The site of absorption or penetration was the lower small
intestine. The aniral categories studied wore: germ-treeodi-oonteminated,
conventional rats. The anslytical resultti have not been evaluated yet.

2. Penetration Studies of 3acteria and Bacterial Products (in collaboration
ithS Bacteriology and Sicohaviitry)

V41r%+ mv•av-rm•n+x ware run to study the absorotion of indole and
L the penetration of Salmonella Typhimriua from the isolated Intestinal

loop. No results are available at this writing.

3. Leukooyte Conc•ntration Studies in the Venous Blood of Various Organs

Thn ohn,.os reaultIng 'n the lukocyto concentr-ation of the
blood during its passage from atery to vein in various organs are shown
in one germ-free, one dicontaminated and one conventional rat (Figures
1, 2 and 3). The increase or decrease of the la-kooytio elements in
the venous blood are expressed in absolute values ou both sides of the
abscissae, the latter representing the armterial mean. The values ere
tentatively corrected for the arteric venous concentration factor (re-
sult ing,~r the filtration of lymph) as well as for various exposure
effeots.eM"the consequences of the experimertal procedure (repeated
blood-letting, etc.). The values presente in the bar graphs are the
means of repeated observations; the differtnce in successive counts of
the came sample was usually less than 10%. The results, as far as it is
permissible to speak of nuch at the present time, can be read at a glance
from the figures.

D. Study on Comparative Effects of Total Body Radistion,

See attaohcd report which follows Section VIII.

F, Amobiasis Investigations in Germ-Free Guinea Pigs (with Dr. Wright,
Dr. Res end B. Phillips of the M'icrobiological Instituteof NIH),

See progress report prepared by B. Phillips in Section VII.

F. Service Functions:

Euring the paricd coverod by this report (from Aug-ust through
Deceber, ~152) animals of P ride range of egos and both sexes from the
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ornrm-free s" -3ok oolor.y of rats died at a rate of from 5 to 10 per montha;
additionall?, sevoral litter5: of suckling, Caesarian born rat ;oro loot
As a servioe function, personnel of this laboratory performed autopsies
on rost of these animals.

It wua found that aside from e oocausinal mature aninal
whioh died because of sequelae 6f vwlvuli usually involving the distal
I to 2 centimeters of the ilem and the proximal 1 to 2 oentimtoro
of the colon, most of these anizis succ•mbed of asphyxiation. This
asphyxia could neither be demonsirtoed to be due to mecha.nical
obstruction (e.g., strangulation, smothsring, or drowning) of the
respiratory pasape nor have we been able to demonstrate that it was
due to conditions giving rise to hypoxea.

Photo 2 is of an •imal which died under these, eo far
inexplicable ciroumftances. The probe indicates all that could be
found of lung tissue and this was completely heatized, filling
approximately 1/5 the volume ordinarily ooupied by normal lungs, While
the lungs of other animals with this vyndrone s,'We not usually so
profoundly changed, they differed only in degree, not in kind. The
outstanding gross pathological finding common to every animal with the
syndrome can be characterized as being a preounced pulmonary hyperemia
uniformly distributed throughout both lungs with i.regularly spaced areas
of hopatizod tissue, (on section the out surfaoe of the lungs showed
these hepatimed areas to extend wedge-wise below the surface towards the
Mll,• - +a ilout I ao. am. Occaionally. the free margins of the lungs

i are found tightly adherent to the parietal pleura and in other instances
Svarying quantities of a non-purul•t, moderately viscous, sero-sanguinous
fluid is found in the pleural cavity. Histopathological exsaination
of the lungs revealed the underlying cause of the gross findirns to be
a hemorrhagio bronchopneumonia.

This laboratory is continuing its efforts to determine whether
the causative agent is physical in character or whether genetic factors
are responsible. In addition, the staff of the Virology Laboratory
haa initiated experiments designed to test the possibility that non-
physical factors (other than those of genetic origin) may be operating
to give rise to this lung syndrome. Their efforts oonce -ing this
are described in Seotion V1 of this report.

Service function rendered in reponse to a request from an
investigator other than a memer of the LOBUND Researbch staff. Dascrip-
71 on o -a tecniaue. kWith Se azllaboration of AX N. Saormne, r en-
Maorof te LQL' nia Ccony.

Most workers using animals for experimental purposes agree
that it is virtually impossible to obtain them free of disease from
any of the commercial suppliers of animals. This conaitutes a pro-
blem of such magnitude, for example, that it occupied most of the time
of the Animal Care Panel. held on December 3 and 4, 1952.

3rd Annual Animal Care Panel, University of Illinois College of
Medicine, December 3 and 4, 19B2; attended by one member of this
laboratory and A. N. Lorene.
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PhOto No. 1 - An is ol at,4d l.oop from tha lovsr

oarmgag in situ,

Photo No. 2 -The lung sryndrome obeermed in
eons germ-f ree rats, Probe indicates sal
that could be found of lu.ng tissue.



In August, l9B2, the reseearh staff of 1.O0U=D was apprnached
by Mr.ý 'Even Roltzman of Holtzsma-Rolf omisr Co., Madison, Wisoonain
with en appeal to give him help in wtablishing a disouse-free
colony of rats of the Holtzman strain. It was aware that we were in
a uniquo position to help him si•ce our own staff rooeized several
years ago that clean, healthy stock animals (which are indispensable
in the building of a germ-free animal colony of sufl.oie't size to
perpetuate Itself) were generally =iavailable. Consequently, we
developed our own disease-free colony of conventional rats, stooking
it or•gineally with the only surely disease-fres progenitors known, namely,
germ-free animals. Our method of maintaining a disease-free rat colony
has been reported in previoux progresu reports.

Mr. Holtzn was saked to deliver to uu several of his
pregnant dams with gestation periods timed such that parturition
should occur siultaneously with tbs• of faim•laly tired diseass-
free LOBUND rstrin rats, On Septembe 25, 1952 the procedure was
initiated ed carried out such thaft for each LOUND dm casting a
litter, a Caesarian section was done on a Holtzmsn da. The LOWND
litter va counted and reioved from its dam after which the same number
of Caeuarion born Holtsmm babies were substituted for it, using
techniques which insure that a foster mother will nurse and care
for the substitute litter. During this procedure the Holtzman and

. LO=D females were kept properly isolated from each other and the
Caesarin procedures war* done uslng surficien•iy .a~ep'in methode o -
prevent contamination of the young by the mault Holtzman rats.
Thirty-four infant Holtzimn rats woen weaed and delivered to !.!r.
Holtzman am the nucleus of a disease-free colony of hi. strain of
animals.

0
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VIe VIROWOGT*

qOIa JF. FReback, Virologist
(Oith the assistance of M. Sacksteder).

TOt J. A. Reyniers, Director

SUBJETM LOJND-.ONR Report, I Jue, L952 - 31 December 1952

DAM, 31 January 1953

During the put six months the attention of the Virus Laboratorj
has been directed to the folloving projecte,

A. Studies on the acton of the viruses of ly17 omato9Is,
Theiler's encephalo ulitial, A hbman infeotious
hopatitis on germfree chickens.

B. The development of mthods for the detection of latent
K or symbiotic virmses in gepr e animals. (1) Studies

on possible virus-microbe associations. (2) Attemt
at. yX-ra a nt~v~tIon of latent viral azunts in germfe
ohicks. (3) Atterpt at I-rqV activation of symiotio
viral agnts in gerafr.. chieka. (4) Investigation of
gponaneous disease manifestations in germfree chicks,
not attributable to bacterial infection (e.g. neurogenio
disease of germfree ohiocks lung conditio•- grmfree
-- -' -

C. Attempt at filtrate passage of methyloholanthrene-induoed
tumors in germfree chickens.

No complete report for arn one of these studies can be given
as yet. Hence, the following seotions are of the nature of progress
"briofs". indicative only of some of the ground covcred so far, whiJe
allowing the probability that later results, in most of the projects,
wil1 make oorplete discussion practicable at some future tinr.

A. Action of Viruses in Oermfree Chioke

1. Lyriphomatosis

Our studies are currently linited to two phases: (1) study of
the action of. the filtrable agent in susceptible Oernfree chicks

(leogonal Paultry stock); and (2) observation for egg transmission
of the causative agent in germfree chicks.

* The pu k support for these studies in virology is received from
the Damon Runzon Manorial Fund.
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Of six experiments designed for attempt at filtrate passage of
the e~ont of lymphomatosis under germfree conditions, four have baen
dlsaonbinued because of contamination or of exceptionally poor
hatch from the Regional ?oultry Research Laboratory (Esnt Lansing,
Michigan) egg stook, Two of the gErmfree exporiments uith this
agent are progressing satisfactorily.

In a seventh experimont, eggs from infected stock have been
hatched in the germfrea system, and it is plannd to hold the chicks
for long term observation, as a direct inquiry into the problem of
egg transmissibility of lymphomatosis.

Fimal report on all phases of this work will be made at a

later date.

Vi 2 , Theiler' s Mouse Encephalao•elitis

The object of the series of studies, initiated by the experiment
to be reviewed briefly here, in to test survival or persistence of a
viral agent in an umnatural host. At the same tim,, observations of the
host for effects possibly due to the presence of the viral agent are not
neglectad.

Five intracerebrai passages tkrough mioe were made v: TU' FA
a•rikn of Thiler's virus. The final pooled harvest1,, suspended in III
glyeorine-salina (V/V) , was par.tially purified bv' diferential
centrifugation. A IsI0 dilution of this preparation,, inoculated
intragerebrally (0.02 ml each), killed 100 percent of nice in six days

10l--Z dilution kcilled 100 percent of mice in nine day.

The partially purified, Glycerinated virus preparation was
d ilutod it5 with saline and then passed through a coarse frittered blues
filter (4QA poe size),, after which an ultrafitrate of this material was
prepared. The ultrafiltrate s1howed an LD0 (lu in rice) at a dil1ution,
of itI58.

The undiluted ultrafiltrate was inoculated into five 34-4a
aermfre ehielm (Wito 1,agorn•s, Hi-Vue Farm, stock),, as follcis,

Chick No, Iromulation Data

261 and 267 IM (pectoral),, 0.5 ml each.
262 and 268 1C, 0.07 nl each.
269 17, 0.5 ni

None of the chickens sho'nd 9Mp Ill effects whatsoever follow-
In inoculation. The germfree state (except for the virus) was pro-
served throutghout tho period of observation. Sacrifice was made Et%
different tii-s, as follows

_ 15 5 :



Period of Obsorvntion

himnNo. Aftr lnoculation

__ 267 35 Days268 43 "
269 49
262 62
261 71 "

In each instances seo.=, brain# andl intestinal contents were
ta1mn for tests in nice. The brain tins9•8 and intestinal contents wore
prepared in soparato 1ilO suszpeniona with saline (W/V). These were
cleared by centrifugation at 2000 rpm for 10 minutes. The sera were
diLAted I1I0 with saline (7/V). The three preparations from each chicken,
in the 1:10 dilutions, were inoculated intrawerebrally (0.03 ml) into
n?.W1y-weatmd white mice.

The groupp of mice nre held under obaervation for six-week
periods. In no instance was a definite sign of Theiler's disease
observed.

3, Huan Infectioua _Hepatitis

Our original objectives in this studty my be given ass
(1) to determine what avtivity, if an, the virus of human infectious
nepatitVis rami anv 4hu l ur' W'4.AM M' u'Wti

mirght be abetted by sub-lethal X-ray preparation of the host. The early
results proved encouraging, and it wav decided to investigate fuZll
the possible usefulness of the UF chicken as a laboratory host for the
agent of this disease.

As of this date, sun UF experimwnuT cornii-g this problam
have been completed, an eighth is presently underway, and several
further experiments are planned. It is hoped that a complete rviev
covering this project may be presented in our next Semi-Annual
ONR Reporto

For the present, it may be said that we have obsarved illness
and death in OF birds at periods of two to three wees following
inoculation with hepatitis serum ultrafiltrates. It would seem that
this mist be ascribed to &ome infectious agent, evidently of viral
naturo. The progrossive development of symptoms and the prolonged
moribund state would point to this. To classify the observed response
a. allergic in nature would appear questionable since arq sort of
allor•io pheaomnon, it is offered, would probably beoor manifest
earlier and show1 an well) a less leisurely sequence,

The principal frator of the syndrom •-•uld appear to be a
pronounced gastro-intestinal disturbawne, evidently centralized in tho
crop. Usually the crop appears bloated, containing either mach foam or
muoh fluid, or both. Marked catarrhal discharge occur irom the mouth,
In this stare the birds give indication of extreme wealness, both in
appearance end to handling. Thervafter the usual sequence is flaccid
partlysis, rusculpr dystrophy, and finally tle moribund state. Sacri-
f'ice and necropsy of such birds generally inariminates the crop and
ita contents, as already mentioned, usually with no signs of ill effect
in other viscera, under either gross or microscopic exarinatione
Considering the circurstances, it is to be observed that there is
in these birds c singular absence of liver involvement.LL___



w'o have attempted to characterize the responw~bla agent byI
recourse to serological, cytologiCL, and cultural teats. The results
have not proved overly grat.ifyl (to be detailed in the future eoo-
ploto renort)o

Incidence in OF chickens, follwilng in oulation, has proved
erratic. While whole rroups of OF birds have manifested the syndrome
previously described, it is also true that ontire groups have shown
no rasponsc whatsoever. In our earlier, apparently nsuccesstulI work,
the usrial procedure was to inoculate intravenously. Rovever, in a
later oxperiment, attempt being made to determine optimal route
of inoculation, it transpired that birds to which virus ultrafiltrate
wpa adnmiistered orally or intramusmalarly responded, while birds of
the sane 9 group inoculated intravenously or intrap.eritoneally did not.

To date, L-oidlGdae, uhen it "ccur*, has been observed nnly
in 30-dqv or older CF chickens . Two groups of younger OF birds (6 and 9
days old at the time of inoculation) proved resistent.

SNo reaction and no recognizable pathology has thus far been
obtained in inoculated conventional ohickens. Some birds of such
groups have also been X-ray irradiated. After inoculation, these
"conventional" goupes are isolated imside a (F "examinatton chamber,"
for protection of lersonnel..4

U We have used strains of infectious hepatitis virus from

both the Akiba ("ennsylvaria) and the New Lisbon(New Jersey) enidemics.
Our evidence indicates succosst•u2 transizrAulation of an infectious
avent from the Akiba material through three successive groups of CF-: d'hic~kens•_• An attempt at 4tb Dassago of this aget in OF chickens is

• n~resently underway.-•

:• ~Our limited data would seem also to indicate that exposure

of the host to X-ray radiation of sub-lethal dosage serves to shorten
the incubation period with the infectious agent.

"hases of th3 problem currently under consideration includet
(1) the attempt at 4th passage of the agent in OF chickens, (2) the

] - que3tion of an optimal route of inoculation, (3) the problem of the
minimal infective dose, and (4) the design and conduct of a satisfactory
neutralization test apTtloying active OF chicken serum (or other tissue)
against both prs-infection and convalescent human sara. The latter
three phases are obviously intended to establish the identity or non•
identity of the a_ent with the virus of human infectious hepatitis.

Vt



* Tiu •'Y•vo punst oc. •tho:1.q for tho "otection of T atont and Fyb1.olic

A few remarks of a ;,eneral nature, yet bearinp on the rationale
for this section, will be found in the RMdiation Tnjury Raport which follows
qSection VTTI.

1. Studies on "ossible Virus-MIicrobe A.soctationa

Our investigation into the possibility of propagation or sur-
vival of different virus•e when brought in contact with certain microbil1
cells is motivated by the theoretical potentialities of such virus-microbe
systens to',ard the detection of latent or symbiotic viral ngents in
animal hosts.

Other workers have attempted to induce viral propagation by rather
snmilAr procedures, su-saestive results being reported by Silber and
'4ostronuchria (1 9 3 2; 19 3 ). Silher (193% and Khurgtna (1935)with grath
of vaccoinia virus on yeast; by lsabolinki, tewsow, and Tschernjah (1935)
"r.ith cultivation of vaccinia virus on fungi. by Bolin and Anderson (19M7)
with absorption of Mouso-aFsBter (14-H) virus on cells of Micrococcus
varians, possibly !.ith metabolic involvement of the latter; and Sy others
(references given by Silber). Essentially negative results in this
direction hav bocn reported by Amies (1934), Voet (1935), and Lenz (1937)
in atte.oting to arow vacotnia on yeaasts, and by Shaw and Dalldorf (1950)
in attenmptinm to correlate the presence of Theiler's mouse encephalor~elitis

V1'U ý. 0 UJ.1iLl/ W.6wl ki J..suo ý- Va *twl _

With m.ile),

We have thus far directed our attention, mainly, to four viral
Pvents, viz. the viruses of Theiler's mouse encephalomyelitis, Rous Chickon
oarcoma,--nfluanza 'PRP, and Aikuth's canary rox. Strains of pnenonia
virus of mice (PVT¶) ad Baker~ s tslire pncuionitis vaz-u, Vlso tried, d.Z

not nrove suitable. Methods of preservation and titration of these
viruses have been tested and established under the conditfons and facilities
of this laboratory. Microorgnnisma used in conjunction with these a~ents
are Saccharoryces cercvisiac C .rlsbergenais, Rhodotorula rubrum, a pure
Briti-sh es'ast, ta lococcus aureus, -Lcherichia colt, Bacillus
subtilis, and Trpns~~ TableT 1)

Tn general, our procedures conform t' the method followed by
Pilber (1933). V7rus mraterial iq introduced into young broth cultures of
tho microbial cells and the mixed entities (virus-microba systems) are
tronsferred to fresh broth at two to four day intervals, through varying
numbers of transplants. Attempt to detect presence of virus in any
particular transplant i made by ani applicable, dependable method (Table I).
i4 , serologically or by aoprop:eiate inoculation into rdce, chicks, or
V-,Ormonated ogýs, Co.crnetric and pH effects of the virus-microbe
associations are someties followed. Inclusion bodies may be sought
(cspccinaly .- th the viruses of canary pox and feline Pneumonitig)o

Other observations for viral effects have been made, for exantple:
(C) effect of virus-inoculation of giant Ticrobial stab colonies on asar,
and (2) effect of presence of virus on individual microbial cells (this
boln- dctermLnQd by the study of living slide cultures and of stained•' o~repnrr-tions )o
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At one tiAmr or Another in the course of our ntui7y we havo
observol indicativt rsults with the following virus-microbe aombinations:

1.00 Virus.,Microba Association Observed Effect

1. Influenza TRO and S, aureus Lyais.
2. Theiler's virus anZ B7MOT-ilis Inhibition of sporuJation.

o3. Rus sarcoma and S. 'erZs i=9e rrolonqation of natural
- sedimentation period.

4. Rous sarcoma and E. celi Growth inhibition and/or

In no instance has it been possible to duplicate results in arW
consistant fashion,

Much of the work is being repeated, with certain retno'nent and
greater emphasis on control. Rtuently. attention has been directed at
the metallic ion and the amino acid composition of the culture media,
in the wake of seerinSly rather valuable findings in published studies
of bacteriophage adsorption, penetration, etc.

Thus, though we have already given considerable time and effort,
to this problem, the indeterminate nature of our results up to the
present time compele us to regard the work as still in its preliminary
at-aa- Thn irm_ uov&Mtnn -i continued on the assumption that the rossi-
bilities inherent in the method, as an indicator for the presence of
inaTparent animal virusesp% ave Wt l fully wxlored.

2. Atte;:,ot at X-rg Activation of Latent Viral Agents in Germ-Free

See Radiation IM•ury Report which follows Section VIII

3. Atjtt at X-.rý Activation of Symbiotic Viral Agents in
GeIn-res Chicks.

See Radiation injury Renort which follows Section VII1

4. Investigation of Spontaneous Disease Manifestations in Germ-Free
Chioks, not attributable to Bacterial Infection.

Neurorenic disease of CF chiolm. "Jitters,," a spontaneous
neurogenic d isease of very young '-1c s, has been under study in
these Inboratories for a number of years. This nnatural" Mffliction
of two or three day old germ-free chicks is characterized by tr-zmcra
of definitive and epizootic aspect. BrAin tissue from such birds
has been harvested arxd ii presently preserved in our C02 dry ice
box until such time as gern-free facilities become available for an
attempt at filtrate passage of the responsible arent into unaffected
young T chicks.

Lung condition in W, rats. A hemorrhagic bronchopneumonia-
like condition" has recently! b-een observed in our CF rat colony. The
condition seems to be channeled to most of the offspring of a few da.
NrNWborn to one year old rats (3rd and 4th C generations) may be
afflicted, but usually the period of manifestntion is at 50 to 70 dwso

L
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Cnset is sudden, mortality abrupt, death in such groups coming almost
simultareously to all members. Symptvaolo is poor, a marked
nervouonens being probably the most consistent diagnostic sign.

In our investication of a possible virus cause, it is
important that afflicted animals be detected while still living,
to insure harvesting of the responsible agent in an active state.
We havo noticed that conventional mice and rate, which we have employed
in transission attempts and which have shon lung diseaso about
30 days after inoculation, alsc pass throu',h a markedly nervous phase
near what may be considere4 ý,o be the end of the in&ubation period.
This apparently important "clinioal" sign should therefore prove
useful in future effort. Doubtless, germ-free arnmae dead of the
affliction for as much as one or two hours rdght well be utilized,
autolysis with liberation of any viral eleents possibly being
rather advantageous than otherwise to our filtration procedures.

We have already made a number of attempts to transmit thA
disease to conventional animals by inoculation of lung homoeenate
from dead or moribund 2 animals. In the test animals a very
similar lung condition develops, when manifested at all, sogm 30
dqsn after IV, I1, or rN inoculation, in both mice and rats. Since
50 to 70 day C' rats are predominantly afflicted, it appears
indicatory henceforth that only animals from 0 to 25 dys of age should
be used for passage studies. 'e are presently using newly-weaned(3-4 weak) mice and rats.

Unfortunately, our earlier results were complicated by the

stmultaneous occurrence of a lung disease paisootic in our conventional
Gtco011 coonioca *N' haveA tried to oflna* thfi (1) bv smaie measure
of isolation of our experi;;ntal convontional mice and rats, and
(2) by dividing offspring fron the same dam into two group-; (a)
inoculated with lung homoaenate (or filtrate), and (b)untreated, but
held unrer the same environmental conditions as group (a). Linesthus far not found to be naturally a2ioted nay also be used
in these transmission studies. It is planned, when facilities permit,
to conduct similc\r pasago studiev under CP conditions.

Conti•u.ous passage may of course alter the virulence and
incubation period of the etiological (?) amvnt. Our attempts to
induce the disease have yielded a fair percentage of strongly
sugLestive results with first passage, viz. 20 to 25 percent incidence.
However, second and third passage trial--tTus far have proved ls~s
fruitful. Some few mice, sucoumbing early (one week) after inocula-
tion with firest passage naterial, have shown emcephalitic symptoms.

I



C. Attempt at Filtrate Passage of Metaleholanthrene-Induoed Tumors

in Germ-Free Chickens

The object of this study is to attempt to produce tumor
in CF chicks by inoculation of metbyloholanthrene, and, if successful,
to attempt to induce tumor in i second series of OF chicks by
inoculation of cell-froe material from the first tumor groths,
"Positive results in both parts of the study, if obtained, would
point strongly to liberation of a transmissible, virus-like a&ent
by this cazrinogsen.

To date, the present research Fpup has made: (1) four
Sattempts to establish tumor growth in CV chicks by inoculation of

M~hA, nd (2) one attempt to incite tumor in CP chicks by inoculation
of an ultrafiltrate prepared from MChA-induced tumor tissue.

Oroups of about six W birds at 5 to 9 das of age were
used. In our two earlier eperimenet, we used White Leghorn chicks
of Fighview Farms stock (LaPaz, Indiana). In our later MhA-inoculaticn
trials and in our attempt at tumr filtrate passage, we turned to
WThite Lephorn chicks of Dembro stock (New Jersey), known to be rc
sponsive to *hA.

- Tiinculation in each instance was made intra•usoularly (right
breast) with 0.2 ml of a anturated, or near-saturated, solution of 7
Tmew.ylanolalthnrerm in uasvi, (ual 10 UI.A~ N 44

4
YL

control I chicks were inociuate- 1M with 0,2 ml of pure benzene
alone.

completion of ar•y of these exnoriments, it nevertheloos seems evident
from our results thus far that tumor growth uW be induced in 0F chicks
with methylcholanthrene. One clear-cut case of tumor incidence under
strictly Of conditions has been observed, and it is quiý,e likely
that at least three other !-hA-inoculated chicks showed incipient tumor
or ttmr-lilce response prior to contamination of the units. A number
of birds, 11ChA-inoculated under GF conditions and thereafter maintained
OF for 60 or 70 days, have shown incidence and development of tumor
only after contanination, at periods ranging from three to five montha
after inoculation.

None of the birds inoculated with an ultrafiltrate prepared
from pooled >ChA-induced tumor tissue have shown twuor response rp to the
present time, that is, six months after inooulation.

A sixth OF experiment has been initiated. It is planned
again to inoculate some of the chicks of this group (Dembro stock) with
met-qloholanthrene, but the effect of "skin painting" of the CE chicks
rEith MhA-benzene sa lution will also be investigated0

The objectives outlined in the opening paragraph of this
soction are regarded as cru.cially significant to our general pr 7ram of
investigation in the virusý field (presented and discussed in previous
UR reports). It is likely that much more attention will be given to
these questions. Detailed report will be submitted after further mork,
possibly of a more definitive nature, has been dono,
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VII. COLLABORATIVE PROJECTS*

Project No. 1 - Dentsa Caries (with Dr. J. layney and Dr. F. Orland of
7oller Memorial Clinic, University of Chicago). Reportad by
M. Wagner in Section IV and T. D. Luckey in Section II.

Projnct No. 2 - Studies on the Comrqrativo Effects of Total Body X-Radia-
tion (with the LOBUND-AEC-ONR Advisory Corrittee). Reported by H. A.
Gordon, 'N. Soruggs, M. Wagner and J. F. Reback in a special report
which was presented at the •dvisory Committee Meeting held at Notro
Dame 22 January 1953. The report follows Seoti..,n VIII.

Project No. 3 - Investigtions on the Influence of tho Intestinal Flora
on the InfeotivitV and Pathogenicity of I. histolytica. (With Dr.
W. Wright, Dr.C. Rees and B. Fhillipa of the oidr io olical Institute at
NIH).

The follwmne rwp b hn bearn aubmittad by r. Bruma Phillips
who is presently stationed at LOBM Institute working in our Physiolog
Laboratory.

In 1951 a project was initiated in collaboration with the
Lehoratory of Tropical Disauses of the National Miorobioloeioal Institute
in an attempt to further elucidate the factors of p.thogenesis of
Endamoeba his!2.2ztio and to obtain data on the contribution, if any, of
the Intestia icra, to the psth~gsnicity of this "so-called" pathogenic

cause of complications inherent in the oiYI mf * semahn• whinh merved
as the source of inocula for experimnta., geim-.Cxem 6ossa kgminea pigs).
It was found thnt baoteria-fme cultures of the aeba were of very low
virulence even for conventioral (control) animals and sm-re without viru-,•., Iowa for such animals when they vvre maintained on a diet which was at

that time essential to the maintenance of life in the germ-free guinea
pigs.

' After consdrable more investigation of cultural procedures,
Smethods were devised that permt the maintenance of bacteria-free cul-

Stures of E.histol~tica of very high virulence. Furthermoro,, such virulence
was demonstratoed in nenticnal hosts maintained on a sterile diet which
has proven more efficient in sustaining life in germ-ftve guinea pigs,

Hence, these co.laborative investigations were resumed at LOBUND August,
1952a

I* n this new section of the LOBMD-ONR Report it is planned that those
collaborators who are stationed at LOBUND Institute or who have a repre-
sentative here in residence will contribute a semi-annual progress report.
Otherwise, progress in collaborative program will be reported by LOBND
staff members directly associated with the particuL'ar project. In the
case of Dr. E. Hawk bf NIH, who is stationod here, the wrk on ascorbic
acid did not begin until late in the fall of 1952,

I,
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Up to the present tip, rer7 little data has been obtained rela-
tive to the primary objective of the mebiauis proje per a s due to
almost itnumorable complioating factors inherent in the resang of germ-
free guinea pigs. Nevertheless, ,mot of these complications have now been
obviatod and thus the investigations have been of considerable value from
the standpoint of information obtalind relative to the maintenance of
germ-free guinea pigs. The elinination of the aforementioned complications
seems to ensure the ultimate success of the inwestigations, and there is
good reason to be optirdistic that the studies ie..l oontribute valuable
information about the phenomenon of ameba pathogenesis.

Project No, 4 - The Stud of Hemorrhagio Liver Necrosis Using Germ-Frse
Animals (With Dr. Paul (3yrgy ad Dr. Martin Forbes of the University
of Pennsylvania).

The following report has been submitted by Dr. Martin Forbes who

is presently stationed at LO3UN Institute working in our Biochemistry

{ Laboratory.

Preliminary experiments with conventional animals had indicated
that the rats from the LOBMND colorq were susceptible to dietary liverV necrosis and that autoolaving the Himmrth diet did not in the least
detract fron its nearogenic character.

Fl In tba ftrst experiment, rats with an inilial wt or 65 gm•
Lmvle m+_..av4 em +.ha -nm~ _ Met. The rrm-free rats survived for some
7L2 ed 79 days on diet and their livers were found to be norml. The con-
trols, hr,,oever, did not come down with necrosis until much later, renderingV _the experiment inconclusive. The cause of death of at least one of the
germ-fme animals was found to be associated with disturbances of the blood
clotting mechanisn as evidenced by internal hemorrhages and delayed clotting
and prothrombin time.

In the next experiment yomer rats wdre used. Eight conventional
control animals on the same autoclaved necrogenic diet as the germ-free
promptly cam down with necrosis in 32 day7s. The germ-free animals survived
for 34 and 43 days. Ono animal had an elongated tooth andd id not seem to
eat wll - it was found moribund on the 34th day - the animal was killed,
necropsy revealed hemorrhagic areas in the lungs. The other animal was
focnd to be moribund on the 43rd day. The animal was bled from the abdominal
aorta and clotting time and prothrorbin time were tested. Again a distur-
bance in the clotting mechanism was found to have occurred. Clotting time
and prothrombin time wre both delayed compared to that of conventional rats.
No other pathology was observed in the rats. The livers of both rats were
found to be norral.

Disturbances in the clotting mechanism wers suggestive of a
deficiency of vitamins, notably K. The diet, however, contained M00 mcg.
, .ta&rtn K per 100 gm. and in our experience a vitamin K deficiency is not
easily induced in germfree rats, Vitamin K was not greatly destroyed by
autoclaving as a dietary constituent.

Since vitamin E was the only known vitamin lacking, tho next
experinent included two germ-free rats supplemented with vitamin L and twc
withhon", supplement. Eight conventional controls again promptly came down
with necrosis in about V0 days. The germ-free rats grew somewhat betber
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than the conventional adrile. This experimant was discontinusd at 69 das
when a rat escaped from its cage insidg the tank and cheved through the
rubber Glove. 1% abnormal patholog was observed and the livers were all
normal. The gvwth curves show that vitcn E supplemnt did not alter the
im'ight rain of germ-free ardnils.

The next experiment (in prgress) is a repetition of the previous
one. Eight out of 12 controls have died with liver necrosis in a period of
35-77 days. The germ-free animals lived 91 and 145 days and had no liver
necrosis. Cmn animal died at 91 days after a blood sanple was taen from
the tail and on -mcropsy was found to have a stomach hemorrhage. The other
rat shoiTmd no patholog when the experiment was terminated at 141 days.

In the hemolysia test developed by Gyorg and Rose, blood colls
from rats deficient in vitamin E were found to hemolyze readily in the

L presence of dialuric acid. The germ-free non-supplemented rmts were found
to have negative hernolysis even after 145 days on the diet. This may indi..
cate a hiah vitamin E reserve; however# t•L alterations in blood clotting
machanisrm t-re at least partially remediod b7y suppleimntatior, of vitamin E.
Since supplements of vitaoin E to the animals cause an observaule change it
is probable that non-suppleamented animals did not have full stores of
vitamin F.

These experiments show that germ-free rats do not die with he norr--• hagic liver necrosis within the time during which all conventional control
,- c+•. Ai% wif÷.• "14v m~nnm.rmA wrhnn fPA ÷..hns _nrV4 ni,•÷mn~nd Amrmnin• dint.

Project No. 5 - The Role of Ascorbic Acid (or An'ibiotics) Roplacing the
Rat6s Requirement for Pantothenic Acid. (With Dr. F. Daft and Dr. E.
THawk of the Tnstitute for Arthritic and Yetabolic Diseases at NIH)

S, fer to Section III - Biochemistry and N,,trition.

*.
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1. Administrative Section

The status pereorel employed on the Task Order, alterations
of physicau1 plant, publications, contract status, and equipment needs
am, diacussed.

17. Oei'm-7ee Life Production Seo•ton

Chaguesain apparatus and technigues are listed. A report
is given on the production of prom-free animals during 1952.

MI. Bioohemdfstr7 ard Nu~trition Section 1
The biochemical survey has indioated very few major differences

between germ.free and conventional chickane. Althou'h the survey of
the rat is "in progress" the general pattern appears to be similar.

Several diets have been used in attempts to obtain a good
sterillzed diet for maintainiin a stock oolorW of germ-f ree rats. The
fffnthetic diets work well before and after sterilization. There is still
room fer improvement in the pratical diets. Germ-zfre chicks appear
to have the saw qualitative vitamin requirement as the conventional
chick. The work on the effeat of feeding antibiotics is still

Tne worx of e sdiet xtchen appears to be rapidly noreasiM
both in q t of diets and it7 of dit produced.

The work in five collaborative projects has progressed

17. BacterioloM and Serology Section

The Bacteriolog Laboratory ran sterility testing on all
anirls raised in germ-free type apparatus as a service to the various
projects at LOBUND.

Preliminary work to determine the approximate time at which
post-mortem invasion takes place into the peritoneal cavity of the
conventional non-X-royed albino rat showed that generally, the
peritoneal cavity will test sterile up to 10 hours after death. The
incidence of positive peritonhal cavity cultures increases after 10
hours post mortem but a negative test was atill observed at 18.75
hours after death.

A pilot experiment on the ability of bacteria and bacterial
products to penetrate the wall of an isolated intestinal loop in a
gasrm-free and conventional rat was run. No data are subnitted at this
writing



-47-

In tho dIontalcaries project, four germ-free ra4ts failed to
produco cariouia mola lesions After 150 days on a diet which 1n
conventional animals produces a high caries incidence. Fnor rats
harboring only one single strain of bacteria, namely Lactobacillus #465,
also fAiled to dz'relop gross carious molar lesions. Their counterparts,
four rats brought into the conventional animals roem OnvirOnment, all
developed oaries after 150 days on the same diet. Bacterial counts
made from oral swabbing taken from the mouth of the latter two animal
"rproups showed the average total count of bacteria por gram oral sample
to be IlOO0 times greater in the conventional rat as oompared to the
average count taken from the mono-oontaminated group. Similar studies are
now undorvay using Streptococcus liquefaciena as a possible etiological
agent In dentAl carie.-

Quantiative counts were made on the contents of higher and lower
[ gastro-intestinal segments of rats harboring only single strains of
L• bacteria. Lactobacillus monoflora rats showed a considerable increase in
7 numbers o" organims per gram contents in the lower segments. This increase

in numbers from higher to lower segments was not rearly so marked in the
Bacillus cereus monoflora group,. The count in the cecum and colon of the
Bacrlus cereus gmrip was considerably lower than counts from the sam
nteataT -segments in the T actobacillus monoflora group and in the conven-

tional (polyflora) group.

The Universal Serologic Reaction applied to germ-free and

conventional chicks showedi

-2. Old~r chicks do react.
3. Germ-free chicks tend to react less in the 0 and 0.15%

NaCl titrations than do oonventionO. chicks.
over the entire NaC! concentration ranes from 0 tc 2.1%
than do conventional chicks,i i5. ?!Lnt 3 above revresente only a trend, since aberrant results

negate a distinct caalitative difference between the perm-freo
and conventional groups.

Experiments to dotermine antibody respone to parenterally injected

antigens in germ-free and conventional chickens are currently urderwty.

V. Physiology and Pathology Section

1. intestinal absorption and secretion, as well as intestinal
bacterial penetration were studied in germ-free, conventional and control-
contaminated rats.

2. Leukocyte concintrattons were determined in the venous blood
of various organs together with arterial leukcocytic level in the same
animal material.

3. Intestinal fat absorption was studied in cesarean-born baby
rats during the first hours of life.

4. Collaborative projects (NIM amebiasis and AEC) are summarized
* in special reports.

5. Cbservations were wAe in autopsied germ-free animals lost fron

the U .WT colory.
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6. Efforts were made to initiate a disease-frea conventional
rat Coloer.

71. Virology Section

Suuaxries have been presented covering nins projectscurrently under invest igation, inoludin, studies an lymzatosla

virus, Theiler's oncephaloielitis virus, h.mwn infectious hepatitis
virus, viru's-microbe aseooiatton, a eIsnt viruses, aymbiotlo viruse",
a neur•genic disease of O chicks, a long condition in CP rats, and V
filtrats pasaqoa of marloholauhue-nduced t•.

VI. Collaborative Projects Section

The five major oolloborative projects nov being investigatedI under this Task Order an listed and progress reports are included or
r"coo d to :Ln othor setloim.

A spetls report "Study on Comparative Eftects of Total Body
Padiation in LOBUND Albino Rat - Oezm-7z'e and Conventional -I".
is included.

AI
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STUDY ON COM¶PARATIVE EMCTS OF TOTAL BODY RADIATION IN LBUMNT
ALBINO RATS - CGEv'.F&RE• AND CONITIONAL - II.

I. Introduc'tion

II. Usthods and Materials

2, Bacter.ological Methods of Totting for Ster'ility
5. Autopsy, XHato1ogiol and Histological Techniques
4. Irapsdiation ta.t

IU. Resultui Gaerm-ree and Conventional Rats Exposed

from 300 r to 1000 r.

1, Clinio.l ObservationsL2. Hematological Observations
3. Autopsy Protocols

A. Suaries of previously rported protocols
B, Recent protocols

4. Histologicalt Reports
A, Previously reported u-arise
B. Reocet reports

IV, Addenda

1. A Study on the Effects of Total Body Radiation on

E_ Contaminsted, Previouuly 0.7*-Irr. Rate.
A. streptococcus group - 800 r

A Pae~.td... i m; Wrp- OC r
C. B. cereus group - WOO r
D. Uicrococausu wres group - 2000 r

2. Explorator orporim-ts
A. The etffet of powt-irradiation streptomycin

treaten on gem-free rats
"B' Concerning latent amd symbiotic vi.ruses in

gem-free animals
C. Pef-mortem bactere i mlmav e into the

peritoneal cavity of the conventional Albino rat

;5. Mimtei of the LOB - AC Advisor Bord Meeting,

V. OGeeral SUMOX7

In thia Report the word "oonventionalo dsignates the normal
oontaminated animal, vhile woontuminsted" ohamcrterasea the
previously germ-free animal which lives in conditions of con-
trolled conta•ination.



1. nZQDCTIO

In theW orig:Lnal propsalI to AEC,, 20 April 1950 frm WUND Insidtuitej,
the objective vuaseit forth ass, " a of germ-free and control animls
in the study of radiation sickrmuu M An ammwmnt 'Pbese 2) to ont~aot
96-oi'i-83# Task Ordwr 3 # becam ettativo 1 July W. It is =dw thia
broad ob.~sotive that we have workdo

7rom the start of the workq after conmitaltion with the LOB= sftaff1
itwsdicided to invite& aman of experts in the field of radiation

si*ne. as consultatnta, Acoorzdinglsy iiwitatlm wre isswd to the foflolei
- - ~iz~, Dr. eOmrge Le~oy, Uzd~rersty of Chimp)j Dr, C Phillip M3.11orp UnivBei'
A si~ty of Ckoagoj Cioiander pMign C~vmdtO, NM@ Institute; D~r. Jai JkOw2ands

U~itvgY&a is -* ChOO~Erlim ~1 D~b-- A andl Dr Roger ftidp MNf.

Then ±nvrttationu v sre peciouamyscpted an tbis Maup has not only advised
but purticipated $- the wu'k.

Within the ftmmnwx* of the vK6LmL1 direativot ontaft stops or
phase beam evident *doh r'eqwiusd a ~.~odn fthe origidnal
objective witboat# howvers emsn lll14 ita Thasl Oatobar 195% the
i=wdlate objective was divided into tbree phmI (A) SWIuS on the
nature of radiation dinses in germ-ftee MMIMAlsg (B) SUM" eon the

contaminated an (C) Stadam an inhibit-on in phiea~s A and S On
6 September 1&SP%1 in an uinsodwtp the imdiAte objective we stated to be

tieof totiigaltebtody lrettingUd rtse and to deterin brating cotrollted

=rk reported herein has beern uzIerewq less than to ysaws.,

Progress involving the use of germ-f ree3 aialsd toolI~mique is
necessarily slow becanue of certain 1±mtations due to# need for breading
and rearing animal to a certain weight (Ca, 25D grwas) siceh roughly amvrod.K ~a period of 18-22 weeks of which 10-14~ weesks covrer the period fro birth to
useful we-Ight; the length of t±,m from net-uip to termination (appr=; 75 days)
of an ezperiment; lirted nt.1er of germ-fra. unite in which the ayial
could be housed during ezperirent; limited zekr of germ-fr.. cages sat &aide
for breeding the ooloiM acoicintaul contam4irtion (an always and ever present

facor hee te imron f asils daors"n tezLution)j and 11=117

and19 nialsreaedgerm-frooadme3-o di-oontanizate&. Alsotob
oonslidered io an acoident due to failure of e building temparature control,
which in November 1951 coet us the antire germ-fre coo1a &s to an excessive
temperature of 1250.

This report covers the period between December 1951 to Decenber 1952
a~nd for purposes. of disoummion Includ~es an overall su==y of the work oom-~
p1oted.



are
The exper±1Iart~An Oon~taminatd watu/nowmu13y z'efaread to an oontamid-

nated (by Intention or aocidsiA) at a dudgatsd age idth one (mno-aontansi-I, na+ýad), two (di-montmsrimated) or more (pdo3ý.oontaminated) strains of maioio-
orgardsms. it mast be frthear noted that onas a gwrm-free et, become Con-
tami~nated and is used experiment~ally the specif ied strains of microorgani~sm~
and no othav make up the mtwoiworoowgmaiam oozp1s duingi the expriment
reported,

This rtA ha bad ' to be noeaaarily exporsax7z sine. this is the
first time germ-free animals bair been =ed in the study of radiation nick-~
nes Mang~ it ha been nooesS7 to establish a bass lina from ulaich to
Work Wisrtvey feefl Out tUs bane line as with this z'eport been
Indica&e and is -- ready for disoussion.

it =It be well to point out that umaexisams betwen ge: Afrs and
comnton onaly contamimted an~z~ad a'. only in the br'oad seine ame of dif-
frrenn between the Ynamsm or abseam of n.s'oereb It abould be rwenebeod
that a gumm-frees wr.m1 ba noet, rbhd *Teriamoe, vith iving wead to where-
as the convenltional uwdinl spresada this wiexrier oemr a period bebsen
birth wAd the toaidnatiou of an w".wiment, Thea, the oowentioail azd~mal

atte i it s an o xoie Ipseposes has been oomtitlorad bF Wei
expe'iams ard onetain systems have been activated ihih ane not fully acti-
vated in the gsrmk-fre aninal of oomparale mge HR me 4±iff0v!!O th

mals I copartiv reult indificut t so= bt mast be oonuiderede
Thndifftvemne might be allaviae4d to su *xtomn it two oowerrtiontl janimal
Mrsuse,#ons of which was freed frw al1 itiobial a00u ia~.tion at the

n" the need for a oompatir baer line. It is from this base Lzas and
Wo tin £Rirwowok of the germ.A state an it exiate tuat the problem

of radiation sicknssa has its preateet iqLvsiatmas. The at?* of radiation
ious and iud ox'in1nata o.u'cbial sznem*w stwuld be Zirt aaaaqaiia bd

PrOpeu.18 of the ay0fm

In tbass, etaesp time Us naowrd the direative given or'iginally to
that of M miqpAWWa between th soryiral tim of gem-r3 mod onremtionsLly
oantal rate ootrola from the am strain of unimala, maintained on the
sme diets and irradiated in wi equivalent mennr, A diffarenoe in ouz-vival
within the range of dosag electeo~d is inficated. Whertbar this diffez'emos
in due to the total absence of and ezperienoe with microbes an oam hand, or
the flora as It cdsts in ths nnia oirlaa, cannot be sadd with
ceftaintys, For ozmme, *hat would be the situation in a ohalleng etperi-.

ment, with low grde pothoget in the ocw'sntional azjw3ju or whiat vould alter
thbe zurvvivl time In goer-free animal

This ropor inclUdes a wftw of agacratory studies Wdoh vean set
up in keeping with later direativese ThAs appmwh should be ozanded and
the attention of the oonmmttee Is ditrr,&ed to tJ~e point. Indicative hers
ia-s studies inrolrLng am.nls other tba rats* The rat In at best a 1e58
do mixable anLIi with respect to bwt.ial inamion ard antibody forimation.
Fci' instance, the failure to deteat baoterwd~A, ohmw part-rntm invwimuion
lack of pro to tion by vitlbiotio. (aueoi~ain po2lixzin,, terrvqcn, pz3aii
oiflin), eta, The nature of the rat speol~es ma well ameount frr the dif-
ferrence obsemezd between the rat an mums. On the other handa the Waydrome



in the rat is not marmked~ different thin that in other animasp and If

valut2ba miral, in tich to stady tho qutmteoe synroms
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11. M`.HODS AND MATERTALS1,.]
I An~~r~wxTh

Anim.vl T.rterial consisted of 22 germ-free and 21 con'on-Honal
Two oC the germ-frae animals were lot genoration ga'rfo

(i.e., Caorarian-born, hand-fed through weaning) while the othiro w co
3rH, 4th, mid 15th poneraV.,.n germ-frse. All animalo Tcro roarod froaF.-
weaning on a steo=-teril.zed, semi-s7ythetio diet. Table I shows the '

co Z-osition of the diet.
TABLE I.

Composition of Diet L-128

CO'1.T INT.S 10 LIN TTS

oassin (Lab") 20
rice (poliased)- 63g
Salts 11 (F fr3e) 5 g

aellophano spangles (DuPont) 3 g

Vitamin A 800 IU
Vitamin C 200 mg

Vitamin E 50 Mg
Vit &in K 10 ma

riboflavin I
pyridoxim HC1 2 mg -

nicot-inamide 5 me
oholine C1 200 Mg
ino eltel 100 Ing

pazminobenzoic acid 5 I
biotin 0.1 ME
folio acid 1,0nicotinic acid 6 mg
B-pyraoin Cl 1 mg
pyridoramine C1 0.4 m3

yeast extract (Difoo) 2 g
whole liver powder (Armour) 2 g
corn oil (Vazola) Io6 g
corn starch 0o. g

. partiolu size butwesn I and 60 mesh

* This hydrogena'•d vegetable oil is a product of the Procter
and Gtmble Co, of Cinoinnati, Ohio.



2,.~ O'f'~ 1~ Motlids' of Teat5,ng for Storility.

Sterility testo wert m on a variety of eampleD takon fromn
tlha animal itself and from various, substancles and surfuoos ;i'hin the
ccs". •ach sample was taken on a sterile cotton swab and submittcd
to the bactoriologioal routine either inside the cage itself or
b*'ought out to thn laboratory for more detailed obsorvation.

The samples were taken from the following sources:

(1) feces and urine
(2) liquid and solid food
(3) drinking water and water used to wash and

olsen equipment

(4) uwabbinge from mouth, anus, and other orifices
5 sabbingo from fur and skiti surfaces

(6) swabbing. from interior cage surtaces such as 1-
wanlls, air inlet and cutlet. Lmskete and surfaces
of the rubber gloves and zap equipment

For direct microscopic e,,•inat•on, vrt mounts were prepared
and observed for the presence of bacterial, fungal and protozoan forms.
S=mer preparations were also made, stained by the Gram tedhnique and
observed microsoopically.

Samples were-cultured on two main typ"an of w•in- WI br-e-
heart infusion agar enriched with 5% erie dufibriated normal ho;rse
blood and (2) fluid thiorgly lla~nva mdi'i"e * Mliple vawbbinga wer*SElI taken from eaoh sample ou-rce provicualy liited, ao %h" replicate nlum.

• __ ben of plates of solid media and tubes of liquid media could ba
- - Lnoculated vith each sample iource to be tested.

Pstri plates were prepared aerobically d Lanaerobically and
incubated at various temperatures; room tieperature (approximately
250 0.), 370 0 and 500 C.

Fluid thioglycollate tubes provided a gradation of ozidati-O
reduction potential and ware inoubated at the same three above
mentioned temperatures.

I All cultures were observed periodically up to two weeks for
appearance of growth. Blood agar plates were examined under 90 X

* magnification and Graz stained preparations were made frow thioglycollate
tubes before discarding,

The data presented for the germ-freo rats represents results
obtained from animals showing no evidence of viable miorobial
associates according to the teet method. employed.

The sterility testing procedures do not onswer the difficult
question of whotber the animals were also virus-free. However, since
virus detection depends mainly on an outward manifestation of disease
or pathologioal proocce, there was no reason to believe that the germ-free
groups harbored any active virus,

* * The solid meuRdi wasv"'aco-Brain.-eart Intuse.on with .o5. a&gr added,
from the Difoc Laboratories, Inc., Detroit, Miihigan, whereas tle fluid
thioglycollate mdiwn was from the Baltimore Biological Laboratory, Inc.,
Baltimore, Maryland.
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3~ AuOU, li~c), too1o cal and H~istological1 Tooh isu~

Thocio worxa unre'oliI'ied from those repor'ted t-o th3 ~i~J
A&'½ur' DItoýr, n'cci on Dcoerober 17, 1951.

The ttniomoio wcre all oxrooeed to total body Z-irradiAntion with it
Pickar 2,60 KVP thornpeuio~ unit. The ;bhycoiaa1 tatora vera: T .'S T.D
50 nrir; 15 wa; 25() K7P at 15 r/omicuts measured in air and dti';
In n ulng1o exposure. A filter of 0,2a mm. Sn, 0.4 mm Cu, tuid 1 v~
Pj, -,Io usad uit the master cone, =~d 96fter 2.oaving this filtci' tho botam
~'llc Pxt'jeutcdl through an alum5.nu= port 1 mm thick. The rats vo'u

t hibl i'he si~ y-liid-ers were used for both conventlonal cnti c~rr'

IfI



Germ-free anr.d conventional rate at all radiation levels continued
to eat and take vat;or iunediately after and for at least 48 hours following
exposuro. Those rate onpeared to become anorootic only terminally and
this was observed to occur concomitantly with the onset of diarrhea in all
conventional rats whils positive evidence of dia-rhes was noted in but one
germ-frue rat exposed to mre than 400 roentgens.

In general it may be said that the oonventional rats were in a
moribund rtate over longer periods of time than were the germ-free rats!
thic difference was particularly noticeable in the animals exposed to
1000 r, The germ-free rats would weaken and die within a period of •
bows' while- the convantioma rate l&y in a profound shook-like state
for as long as 84 hours before dying,

Weight changes for both groups ar, shown in the accompanyingI

Ooer-fres rate which were exposed to wre thar 400 roentgens showed
many eoohymtio areas visible from the surface of the skini this type of
lesion was not observed-in conventional animals a-& ul-. pre-""17w -

becasue the murvival -time of these animals was considerably ahor-ter -than
that of .the gorm-froo rat, In addibon, oonvs onil-ats -os- tc
400 roentgens and more usually showed bloody, encrusted depouits about11 . the4i awes atd noe : r f.4a'1. 24 haur; pa•st•-rradi.tion--unti1 they 7
diedl; the germ-free counterparts of these rats usually did not show ....

-- these anoa-Putations_ QneA1000 r -ea-fre e.animal• ind- oe 7DO r xerm-free
"animal were noted to have encrusted nostrils terminally; howeve r, this
mrtsricL seemed more serous than hemorrhagic in origin.

Intra-ocular opacities occurred in beth gr•up. of animale to the same
extent and these could not be correlated to the radiation doses

While the nunber of germ-free animals thus far irradiated is
insufficient to fix precisely the LD 50/30 days, our data indicate it to
lie between 600 r and 700 r for germ-free animals. Similarly the data
indicate th.t the LD 50/30 days lies between 300 r anrd 4C0 r for conven-
tional animals reired under suitable control conditions. In lieu of a
survival-does curve we submit detailed survival data (Fig. 2 and 3,
TebleT!) which comparems the survival tize of total body x-irradiated

-l germ-free rate with the survival time of similarly erposed conventional
animals. The"e data demonstrate that at severe radiation levels (in the
range 400 r -to 1000 r) germ-free rats survive twice as long as simile.'ly
irradiated conventional animls.
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_ -.. .. ... . - .) _TAsix n

AFR~' a F1~ COM ~IONAL CONTROLS
NFO D ate .6 goed Does swiviysJ go@ D0IS WLis IVal

1001 12/5/52 1000 a 1003 12/25/52 10004
1002 12/5/D2 1000 8 104 12/83/52 1000 5
1033 4/16/B2 1000 10 I3 4/16/52 1000 6
10o4 4/16/52 1000 9 1ow 4/16/52 1000 4 "4

e14, 8/27/51 800 23 OWNS0 > 9/17/51 Boo ,8.
817 1/10/58 900 10 B19 1/10 2 O0N 7
818 1/10/52 800 1o s0 1/10 Y5o/2 900 8
33 4/..e/52 Boo 14 ean '4/18/52 S oo 2

am4 4/16/5s 0oo 12 an 4/6/52 Boo 8
835 4/16/52 300 10 an9 4/16/52 800 17
836 4/16/52 am0 11 840 4/16/52 800 4

"01 12/5/5B8•/00 2o- 70 12/23/52- -_700 -7
702 12/5/52 400 16 704 13/23/52 70o 6

817 1/0/52 600 "42 619 1/10/52 So0 1s
618 1/10/52 t0 17 638 4/16/02 6800 1
633 4/16/53 600 "23 636 4/16/52 600 13
IM_ -A A&pn- &A

401 12/5/n1 400 _'X 403 12/23/52 400 >28 i
402 12//52 400 >40 404 13/23/52 4001

1]3130 8/27/SI 301~3 300(6)9 9/07/51 300 0

334 4/16/52 3-00 )6 3M8 4/16/52 300 X62

Average Surviwla Times Averge Survival Times
1000 r -- 8.9 Day, 1000 r 4.8 Days

600 r - 13, Days 800 r mm .64 Days'

600 r M-- P3 Days 600 r --- 14 Days

3;00~ r 5Days30 IV 'Days

Rats #313 and #814 war*v e t gibuersston gemg-free wle others here
Reported vere 3•'d, 4th, and h generation gren-free.

There were 6 oanveztional controls in each of thesi groupe. At the
"leve of 800 r the individual rurvivin~g -times werei 11, 11, 9, 9t 9t and 4 days.
All 3D{ r I-onv rate irraited at the @am time survived far at leart30 days.



2. Hmt~aolo goal Observations

Accordlig to the W,0SM-A3O Advwau=7 Dowd re I01 1 datim, 00
hfmtatolo0 waa taorn ±in the noe wt rams In order to gwiariue previoria
m"Iutal f£ar R3C and M c arw ane givma in this report prowei~tng fou

rates rm-h is io~rIIntiom1.9 Irruchated at 300 r arA 800 r (figs,

RC a Red blood oomt
WMC a White blood moc i
GM0 m Met!= gpmloqtose

jtw0 * It=* awnnlocrta

(AUl value an prewauted in abeolnti Apmre.)
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3. Autopsy Protocols

A. a Mar1*e of Previously PAported P•otocols

2 d With the esception of M"t #814 gn•ofree which died abruptly the
22nd post-rediation (800 r) day with n v•ov aung pulmnary ohms
(a white, frothy, tree flowing liquid oopleely filling the trachea),
the 800 r animals, both g eamof and conventional uilfomly showed
oocaioma tntna..c•ulw oapacitole sad a teIdmey towards ep)lati0n,
with many ••ehymotio arms in the "botmneous tiesses; markedly
Strophic thy and hypesLo lungs with sem-ssagu @us e"UM| o " in the
pliwal covitlel yallewreh brown lives ad severl-y hemrrhagic
paoesees (not obvious In M14)1 may potechble and aoelons in the
glandular portions of the stomaos and ocaoo al pla-polut heemarzrtge
along the wercsL2 surface of the intestine; nd hemorbagio ly•ph-nodes
were obenved in both themirolo "4 peitnoal ovities, Zn conclusion,

_h.0e.ovemll plcturve -amm in boUh-rupa wa8 ethe se lkid dif•fe•ring
-in degree in tha the conditions seen In the coveational imsal. were
consideably intensfied in the gumfr- s salma. a

i. •The 300 r rat wone sacrifced after 3D days$o and except for a

te•nd•ey twu• hyper iI lunges atrophied thymi &ad occauional carsmacts
(rat M•3. g•ers-ree. W•sa starnac• in both wrey), thoee ansa•as showed no
maoroscopioally visible abnormalities,

Satop protoccls of recently irradiated ret. a•e

submittal: -

*m4 _1rrs~iatedB Disombe. 195! (I0O0 r) 7
Died 13 December 1952.Uegbt 181 Me,

There were intra--ocular opsoities in both e•yes and the animal's hair
was mtber naily pulled o•t• There wa. evidence of an exudate about the
animal's nostrils and *yss.

The subcutaneous tissues show many eohyeftla are•s.

The chest contained about 0.5 ml of a sero-suuganous exudate. The
lungs were ext•emely hypormic with occasional very dark reddish-brown
aras suggerting recent infarats. The peicardium contained what was
considered a slightly excessive voliue of perio•rdisa fluid which was ae
reddish-b•ion in color. The surface of the myocardi. seined roughened
though it glistened,

The liver was of a strikingly pallid brownish-yellow color. The
stomach showed many pteohiase on the serosal urface while the muoosal
surface at the margin of the glandula portion of the stomach showed
several blister-like bulls. which on sectioning appewed to be filled
with blood clots. The intestine appeared norial rosely but did not
contain any chyme, nor did the colon contain fsl material. The pancreas,
mesentery, and mesocolon were profoundly hemrrhagic, The spleen was
flabby and brownish-red In color.
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j The 1ymph-,,odes of the cheat and abdomen were hborrhagio. 3

Both adras glands seemed edematous while the rISgt adroenal abowei
seversi oortical pin-point hemorrhages.

The toert wore flabby and estrmaly hmorrhagio.

The brain va normal. i

Convenional Irradisted 25 Dombs 1951
Died 27 December 1951 * Wsifht 155 prim

The animal's hair wsa not psrtioula 7 meay to pull Mu. There were
many reddish-purple spots visible hrough the skin, and theme when the 4
skin was opened wre -seen to be rather lar-e (about 1 sq. ae.) hemoirrhai-

_ -There was sa ntrao-ularcpasltf in -one eye Obile the other appeared
norma17 colored but bad several tine, bloody streaks which eemed to be * t|
floating •n the eye. There ias a red crust deposit about both eyes
and the move.

The thbys gtand was somewhat atrophied. The lun.sR were _sevmu1- _ ..

around the free mareins.

The liver slwd may very ullvwbh.-brcn speets thro- out
. .pat uohjn, although the liver as a -wbole wis not-nearly to yellow as-thaI 1
"of rat #1002. The stomach showed may petechiAs a t the panores end mesen-
tery were mrka-4d blood7 in appea.-,-ae,

The adrenal glands were eaftially normael

The kidneys showed no outstsanding changes. The testes wore of a bluish
eolor and profoundly soft. The Itph-nodes wherlwve visible war, heavily
engorged with blood,

The peritoneal abdominal tat showed many areas of nevere tat necrosis.

~F~ii~Irraidixted 8 flecosber 1952 (700 r)
Died 21 Deomber 2952 - Weight 12 gas,

A corneal opacity was in the left eye, but it was felt that this
might have been a post-mortem change in that the eye seemed much more
dry than the right meber. No eochysmotic areu were visible through the
skin and the hair was very easily brushed from the animal.

There were several brownish-b•a•ko and several reddish-brown areas on
the surface of the lngs. These gave the impv2oaon of representi•g
both recent and old infar.ots. The heart semt rather hemorrhagio and
slightly roughened. The liver wa very pale and its surface seemed much
more sponge-like in texture than was seen in any other of the animals.



The rtomoh Ihowed VMV sevefuly eooh0 y otle area. A noteworthy findingin this animal in oontrast to others in this series was that there wereno heorrhegee in either the esmeuetry or the panoreas. The spleen wasvery soft and very brown in color.

5Mj00Q-9B1#7os d
I'rrasdiated 2-seember 1952

This animal's autopsy protocol is essentially like that of 53H1.2A,/02. It differn trom it in that this ani•l's lungs were much morehyperemia and the pancreas appeared to be a single wide spread blood clot.In addition, there were rodd•l•h-.brow encrrutatione about the eyes and noseand evidenae that the animal sufiered from a seven diarrheas



4. Histological Report.

A. Previously Reported Sunmaries

(a) NRH 55789 LMUND L3O2-3'fl313
Ger-mfreo 300 r

The hemorrhages in lung, adrenal, lymph nodes, and the large
amount of hemoslderin in the spleen are probably due to the radiation
injury. The significance of other changes cannot be evaluated in the A
absence of non-irradiated germ-free, control animals. (Normal
amount of orathrovoiesis in spleen? Cellularity of bone marrow?
Normal size and structure of lymph nodes?).

The kidney lesions are not considered due to radiation injury,
since similar changes (except for the globular inclusions in epithelial
colls) wre 9absent from the irradiat4Jd germ-free animal given 800 r,
and because experienoe on nongeorm-freu animals indicates a relatively
high degree of resistance of the kidney to radiation.

(Cronkite and Brecher) -

The sections showed no lesions which could be attributed
to irradiation. The lymphoid tissue of the intestinal tract

g ... .lymphopolse-ee on tbe sploen and .lymph nodes.(olad

(b-- ?1-11 - - 7 AOR -i- ; 800rB2- #81

Alt~hough -he bone marrow from the femur was unfortunately not

present in the sections of the femral bone, the appeeraxecs of the
,I spleen with extensive depositio" of hemosid•rin strongly suggests

that bone marrow regm-ration wa minimal. (As a rule hemowiderin
disappears from the spleen when bone marrv reo~mration gets under-
way). Moreover, in the spleen itself eyth•ropoiesis is rather slight
and most of the regeneration Is still in the stage of stem cells, It
therefore appears likely that lack of bone marrow regeneration was respon-
sible for a severe anemia, resulting in extensive fatty infiltration
of heart and liver, and that the anemic anoxia was responsible for the
edama of the lunge The nature of the abnormality of the peripartal
liver aells (inoreased s.ze of nuclei and homogeneity of cytoplasm=)
is not clear,

(Cronkite and Brecher)

The spleen was devoid of lymphoid tissue except for a few
cells about the arterioles which showed an ocoasional mitotic
figure. The lymph node was congested and contained pigented
phagocytes; there were a few lymphocytes in the cortex but no
follicles, The mucosa of the gastro-inteetinal tract, ex,.ept
for poet-mortem autolysis, appeared normal.

(Howland)



(a) NIH 55791, 557'2 LOBUND 53LOP-3 •'007 0 012
Conventional - 800 r

7(80) Bronohiestesis with monoz.aolear inflanmator7 reattion.
Hemorrhages erythrophagooytouis and pigment deposition in lymph
nodes; no regeneration of lymph follicles. Incompletely regenerated
thymue. 'xtersive hemaiderosis and virtusW1y no r4sneration of
follioles in the spleen.

(812) Similar to 807. Only some diffused regeneration of
lyMhold elemenrts in the lymph nodes, Several neteohias in mucosa
of stomach. Largely lacking spermatogonia! no mitoses in spermato,

'tee. (Cronkite and Br-eoher)

The spleen of rat 807 contained only a few lMhooytes about 1
the arterioles. There were a number of lymphocytes In the lywph
nodes but no astive nodules were seen. One node was congested and
a nuber of pigmented phagoo~tew were present. The thymus was
cellular and appeared to be inwluting. The ovaries contained a
-m s u ' sr of active follicles. There were ,o lesions of the intestinal
mucosa. I

In general the lesions of rat 812 wero much the same as in No.,
33791. The seminiferous tubules of this rmt showed active spermato- .. .

(Rowlu~nd)
(d) Ceneral Cc~ent_

All 3• animals expoed to 800 r (I jorm-free, 2 control) show
hemorrhages into lymph nodes and elsewherse All 3 animals exhibit

-_Ared splianI hmo;iaderool and little or no evidence of regeneration
of splenio hemopoissiau such an appearenoe of the spleen is found
only when bone marrow raeneration is minimal or absent. It may
therefore be inferred, that all 3 animals had little or no regenera-.
tion of hemopoleuuiv.

The :enomia in the germ-free animal exposed to 800 r, as judged
frnm the extensive fatty infiltration of heart and liver was probably
much more severe than in the oontrols. A longer survival of the
gorm.frea animal in the absence of bone marrow regeneration would
be a possible ezplanation.

(Cronkite and Breoher)

The histologic rmponse of the two germ-free r•te wae
approxinately what one would erpeot at the dosage given; namely,
recovery by the 30,th day of the 300 r animal and definite radiation
changes in the animal reoeiving 800 r.

The lesions in the controls are confusing and are not in accord
with the usual findings at a dosage of 800 r. The depletion of
lymphoid tissue is about all one sees to indicate that the animal
reoeived irradiation. The absence of more severe lesions of the

7 gonads would imply that these organs had not received 800 r.
(Howland)



B Recent Roporte

NT1() N, Pathology Noe 58863 LoMM~h 1'o. 53 14 74A *617
Germ-free - 600 r

S loans The Malpighlan follicles are well developed and there is.d zone of larger lymphocytes or raticulu cells. There
are scattere, =mall fooi of eorthropoiesis in the pulp and there
is an esprozzmately nor)a2 amount of hemosiderin iii macrophagesa
of the red pulp.

Lymph Nodesn Both mesenteric and mediastinal lymph nodes saow
wall dT•eloped cortical lymphoid tissue and somewhat nodular arrange..
mont but without the formation of actual follicles with secondary
centers, There is an abundant stount of hemoeiderin in macrophages
of-the meduilLy portion of the nodes. This in more marked in the
mediastinal nodes which also show prominent mast cells which arenot seen in the moesnterio nods,

Femoiral Bone Marrow: The bone marrow is slightly hypoplatico, hemo-
poileio cells ocMp-ying approximately 75 per cent of the available
marrow space in the epiphbysi but only about 60 per cent in the mrts-
physic end the shaft, the rmaining space being occupied by fat cells.
lrythropoiesis is approximately equal with granulooytopoiesis in
extent. and itegaka?'venvtom arm At~te 9" 0 oUM .a

Tetaieg In the majority of tubalem only the basement membrane in
w-'--preserved and the lumina are filled with eosinophilic material
of strin..n7 or fibrill-ry appearance through which are scattered
round 6r oval nuclei of somewhat vesicular appearance often with
condensation of chromatin in-the form of a oerre_1! bar. P-re_.-=bl7
these nuclei represent desquamated Sertoli cells. A few of the
tubules contain a normal layer of urermatogonia and spermatocytes
but no spermatide or spermatozoa. The interstitial cells appear
normal in number amd appearance.

Livers Show, fine fat droplet and occasional confluent fatty in-
=TT iF-ton of liver cells soattered irregularly throughoat the

pu.renchyma. There is no ratty infiltration of the heart muscle.

Out and Kidney: Section of gut and kidney show no lesions.

(b) Pathology No. 58864 LOBLTND No. 53 R 7-2A #618
Oerm-free - 600 r

Spleen: The Malpighian follicles are quite inconspicuous. The
calls orming the remnants of the follicles have partly pyknotio and
partly vesicular nuclei, but the absence of phalooytouis suggerts
that some of these changes way be sKgonal or postmortem. The ou-er
zone of larger lymphocytes or retioulum cello is completely absent.
The red pulp shows numerous macrophages laden with hematogenous
pigment and absence of definite myelopoiesis. There are, however,
several nests of round cells some of which are dark staining nuclei
somewhat resembling normoblasts which may conceivably reprosent an
attempt at erythropcieeis.



' Tho cortloal lymphoid tissue of the meBntmrio
ndsIs flattned to a narrow band and the medullary eords are
collapsed. The dilated peripheral and medullary sinuses arn fillod
partly with red cells and partly with maorophages contailning bth
erythrocytes and hemosiderin. There is no evidence of eative
lymphoissis. The femoral bone marrow is almost entirely fatty.
The interstiaes between the fat calls contain a fair number of macro-•
phages laden with hemnatgenous pigent as well as a small wpnber
of round cells with a modemoely dense nueleus and an amplei mount
of cytoplasm. These cells have not been identified. They might
conceivably represent erythroblasts but no definite evidence of
arythronoiesis is present. Mesakrpoeytes, myeleoytes, and norm-
Kat are absent.

Testes: Many tubules oanta~u spermatoctes, spermatids and spesmo
looaz out opezmatogonia are almost entirely lacking and there is only
a very ram mitosis in tbe layer of spsmto•o•tes. Many tubules show
more advanne ohanges with almost complete loss of spermatogeni:
elements and only remwants of degeneoated cells in an wesinophilic
matrix,

Liver: Therse is fatty Infiltration of virtually all liver calls except
Tr a narmw zone around the portal triads and some oentralobular
armes with marked atrophy of liver cells and prominent Kupffer cells.
The fatty infiltration is primarily smll droulel in oharaster but
ocoeasionally confluent with sudamophilic material throughout the oetoplasm.
There is fatt-y infiltration of heart muscle cells by-call tat droplets.

Pfncreas: The Wanrea" shows ConsidCeble npstmortm ahLnamm -ut -e

evidece of WrayialW 1lewions. The aums applies to the etomach.

1rnp The kidney shohs no lesions.

(e) Pathology No. 5886 L(L2N No. 53 H 7-,U #B33
Genu-fres - 600 r

Testes, Heart, Liver, and 1lesn, Answer approximately the same
description as No. 56853, except tat -the spleen shows only very
little erythropoiesis.

Bone Marrowv The bons marrow shovh normal cellularity and numerous

megakiaFrfytes with gra•nloeytopolesis equal to or exceeding erthro-
poiesie. The activity of the bone marrow is estimated to be within
normal limits, 80% or more of the marrow space being occupied by
hempoietic tissue.

(d) NIH Pathology No. 58847 LOPUN No. 53 1. 7.2A §434
Oerm-free - 600 r

Liver, Heart, Rone Uarrow, Testes: Are similar to No. 58884. The
fatty infiltration of the neart is quite comparable but possibly
fatty infiltration of the liver is less in the present rat than in
58864. Of the bane marrow only part of the epiphysis and metaphysus
are sectioned and these show purely fatty marrow. There ivs some
interstitial hemorrhage in the testes.



LP4\ Ncdest One suboutanecus and one cervical lymph nocae ohov
similar atophy of lMphoid tissue and red oll filled sinuses as
No. 58864C

Luam$I Show no lesions.

(e) NIH Pathology No, 58865 LOLND No. 53 H ?I2B #619
Conventional - 600 r

S loans The appearance is quite similar to that of number 58864. Here
t e of ound or oval calls with dark utaining nuclei

cannot be identified with certainty but a number of them are piasmaI I

LyMph Nodest None submitted.

"Femoral Bone 4rz'ov The bone marrow is almost entirely fatty. It
To- not oOnwt•a an appreoiable aiunt of hemosiderin and maorophages
as did No. 58864, and there are virtually to cells in the interstices J
exeoep in one ura suggertive of a possible attempt at mselcpeiesiso

Teatoes The testes is similar to No. 5864, except that there are fnwer
Tu•e with advanced disintegration of spermatagenio cells and there
are a few more mitosis in epesartocytes.

Livers The liver shows a sizilar fatty iuf iltrat ion to 58864, except
the'T-in the -ertrolobular *ra.s t-oberue•early necrosis rather than
simple disappearance of liver cells so evidenced by the intenseS~~ ~ aeiopLohilic stainin gad the _97kno~t.0_nuclei..- -

iiHeari: The fatty inf il trtion of the heart muscle In mucb less

pruminer than iLn animal No. 58864.

A~renalt The g1omeruloea is very narrow and contains little lipid

met erial

Lungs There in gome apical amph7sem and a mi•ute area of probably
"Wrnio pneumonic process, perhaps a focua of lipid pneumonia°

_in• iThe kidney shows no lesions.

(f) NM Pathology No. 58868 LODt No. 53 H 7-2A #817
Germ-free - 800 r

Sploons The spleen consists entirely of collapsed reticulum and fibrous
T in which the outline of follicles are barely perceptible. There
La a moderate amuunt of iron positive pigman, soatterqd throughout.

Tbyu: The thymus shows incomplete regeneration of the cortex anda Sedl a severely depleted of lymphocytes.

Bone Marrow: The bone marrow is entirely fatty, both in the epiphymis
and the ,taphysin and shaft.



~'na:ee: The tubules are lined by a r~gular layur of spoi-"-ocytc,
ape tid and SpeimattoOaL that contain no spermatogonia end only
occasional m~itoses in the 3psrmxtcoytesA

Lung: There is a moderately oftensive hemorrhage into ths lung.

Aerenalat The glomerulosa is quite inconspicuous and hardly to b.i•..•Idiffsrentiated from the fasaiculata.

"Livert The liver shove a marked fatty infiltration described for
No,. 58867. The atrophy of the central portion of the liver lobuln
is markod with transformation of the central portion of the trabsculo
into homogeneous strongly easinopbili* masses vith only occasional
outlines of rernants of nuclei.

Heart t The heart muscle ahowe patchy fatty iifi! tion similar to

(g) NIH PathologyI Na. 58869 LOBDND No, 4Z HI4B //818
Oer0-frse e 800 r

-hmus: The thymus in similar to No. 08888. There il some hemorrhage
interstitial tissue of the pancreas,

Lvinh Nndiats, Theo !Mi~~a~ h node sfteve virtually complete
'F "•pho~ll lm hoid elements, hemorrhage into some of the sinuees
and pearuapsular tissue and prominent mast cells.
Ad. . ... ... . . . . . .A _•r- l - , ,,aw a £ % m d .= ixcr -S ow uloss wh ich , ho ve -ver ,-ii.co'nserably narrowed in siverl places.

j& T Thea lung shows no lesions.

Liver: The liver is simil•r to No. 58868. The ceatrolobular portions

o-f'Se t•abeoulae, though m.rkesdlT esinophilic and somewhat shrunken,
still show definite although pfknotic nuclei.

'Hearts The heart muscle shows only moderate fatty infiltration,

Bone Arrowt The bone marrow consists entirely of fat cells°

•E idid7ymis: Interstitial hemorrhage, spermatozoa and large degenerating

EDils present.

(h) General Comevt

Animals f'617 and 633 show evidence of regeneration of spleen,
bone marrows lymph nodes and testes. The rest of the anmeale (f618,
6190 634, 817, 818) show continued Rplasia of the marrow, and no
evidence of lymph node or eplemnia regeneration, whether they wnre
germ-free or not.

The only difference between conventional animals (#319 and 818)
and germ-free animals (618, 634, and 817) is the greater fatty
infiltration of the heart muscle in the germ-free ones, Compatible
with the concept that germ-free animals had developus a severer degree
of anemia at the time of death, with conventional animals succumbing



to infection at an earlier date, • )hile •he gem-free animals
survived somewhat longer untl, hrmorrhqe Lad oessation of red•! a~~ell pr'oductin led toe a deogree of saneita i,.cov.xti•,o wiAth life.

Thee warn evidence of either reent or older bemorrhage in i
every animal in which l~mph nodes were available for study.

(Bracher)
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j! FMD&AT SECTUT! AC19NCT ,PWlic Health Serrice

NiIONAL flNS7ITUS 0F H3ALH B ethOeda i14 Md.

J217 21a 1952

Dr. H.A. oz*Gor
Chuef Pathologist
Univrsity of Notre D~o

Dear 1Dre Gordons

X find that the guesses I gm you on the sr•ival of the recent
batch of rats vans in erro, r.doe to ar having overloolmd regenerating
tutules in #617 amd 600-33.

y' corrected,, thouzgh not rweasarily dr~mat or MtAI# guesm area
u follows,

0arimat agmivjal tipot
#6.L7 at lo•• 7.8 mm-m
#615 1-2 wesks,, prebably naaz 2 17 dy

§6 0-19 1-2 wftkn, probab:ly -az'sr 122 dap CBN
#600-33 at least 7 woks 62 days insert#60o-34• 1-2 ioeks, probably nearer 2 16 d•

#817 1-2 woks, probably nearer 1 3.)d~
#818 not yet ezadniud 12 dmys)
it wv a great pleasur havrng you visit here, and I am looking

forward to future imetlngs hare or in Notre Dama,

With kindest regards.

Tour vey7 sinoeroly,

Oeorge BrWoer, M.D.

End.



TV. ADIDMA
1. A �~tudf the •ffeots of Total Bo diation on Contaminated,

A. 81'rptooocou a ou

This group of tmo mnizale, reported on at length in oar oarlie

report (pp. 44-49), was found to be oortminatd sith a slow-growing
anaerobio streptoooomts whioh oould nat be identiflod with any apsoeie
doescribod in Berge's canual. The raPt were first generation -germ-free
and the mnaxl= time cntamlnated was 16 days. It was decided thrit
exposure of ono of them 800 r total body x-irrusAition was wwiranted
and that the other should be held as a ocntrel animal.

AcoordLnly, rat #315 wan qxpoued to "0 r (not 740 as reported
earlier) of totat body z-irr••iatýo, Unfortunately the rat na t"o
large to fit our standard r•rt•aint and an a rmlt the irradiation was
done with cotton tow"Mag used aea ristat. The rat was sacrlfiood
34 days aft•r irradiation. Gross autopsy ft I-n were reported earlier
but we Include the bistological fings in thie report.

Sthat it would be warthwhie to ljww'ipte the off sate of total body"
!•/+ x-iraftation @A any additionsa117 avallable me1te-er dioontaminated,

NIS. #56437 LOBUMD M15

~~~~- h# bi ~~* 7p"O~ja1 0! the m'rpow. bt

rogwnerailon 'i sen ain several &.&va in the fom of iulaid8s of buzo-[Irtpart iiularly -3onij tho 4aosn a! the shaft ofth~e femr and
at the epiphiesl-metaphyse;:1 Junctisn. Bowever, matwe granulooytsu
Smeosaktry•ytee are very rare. Aeeýmlotioaa of smll zmbe•se of
apparently hmpoietie oallm, usally arranged in triangular shape, are
present in scattered areas between M. cells which onsttute the bulk
of the .arrow both in the favar and in the flat bones of the skull.•~Ps c •.l ello are faitly v e~u• andmL mthor conspicuous in the fatty marr~ov

I! Skeletal Musclt, Normal.

• Tem~ste- The oeminiferu~s 'tubules ar frequently widely lesprs'ted by

!Tr y staining, h mogeneous matorial ruabling•ede& flui, in whioh
an approximately noral number of interstitial cells are prseunt. The
tubules are usually lined by a single layor of spermatoganla, but
ocaouionally sperzatocytes of the first order are slso• prtsent, ouIggastii
very early regeneration, even though mitotic figures in the veprmstogonla
could not be demontratued. L.tw stages of speormtogemesis are absoart
exocpt for poorly preerved r eants of ape mtoaoa in a few tubuleo.

Liveri lat stains show mall droplet fatty infilration of a oderato
F -er of individual liver cells dirtributed irgularly thmughout tbh
parenchyma.

S eon: There ii exoellent regeneration of the Valplghlan fol1ioles which
-- Tightly larger *than normal. The red pulp is filled with oobfluezsrt art

of active arythrcpoiesis and aocmudlation of stem cello fuUggmatit early



grsuloyip~eua. utnomtiwe gramaulocte a" sea#, And map.-
karyocytoo are wtlomeely rare.

Adrenal: The glmoUrula zone aPPears to oowt4s4. Im Ample 10;Uat Of fto
am sra this an be judged from teR & I3 ustined scation. The CMIMs3

architecture gsppmis moml.

W L x 7orsIs m mpbyewtm 4dftlatlon of serstrl group. of alveoli.
j '1sabplewsrl alvuoli contain Iulands of .wtaplaatl. bons-, posoibl~p

reprauinting the wed-wstage of organized Imsinoia.

T - * a"d Umma SPPW mcmi.

S1tomobemi an2 Wd Ism_ Well PmeseftVed U10m mid oalar wll

Comiset The Iarg Maplpigiam fulloia Indicate good z-mys of ly$pbo-IjI7TF Thae. Is little evlame of grommlobytepotmisa in-eftkw the_
-mrm or the splosm#- but-orytbropoiftiu is quite martet In the apiees,
Uthea to yet very oiSW in them bms men, The appueamme of the testes

Uve laped m. sinc rmdsi tlom. Althiou we Is" m om im" with tbe
LOW earaUoa rotor -and any eoneiusioaa reached ean noslealm of, a now
strain oneuttve bee onlyin __

a vevywy sot i,4iy At this 1la tae _u ___hvebaaIlong poriod of virtiwaly comlete bmw m-inuw plastav mandWt m t a nIi
lItred Inas verimal7 owutaadamtad onviromeu vuld probaly myt hv
survived. the etz'tking festiwe of artinsiw uytheesei 1At fte ploe

I pI~mzs~eeti ues, and reprseewte a bsffln prbloo.4

Em fa45 LOD #616

stairme dilatation of palasnary veealo, Perked Odo filling
sMYall of the air fpses..

arsin: ENtrame d~itawioa and cangeetion of wacuiw.

Livers Muted dilataion of eentral vein whio mr filled with blood.

Kidneo Moked dllststloa and congestion of Ysine, with one questionable
same of bmz'rheg, possibly ago=%,

5Uos toerkteily active, relatively wmall WapighSism tolliolee, probably
for the ag" of the salami. Ialanda of ei"brapoissis and rare

Smauicoytee, as well aosias eot,"omal mogskazyocyt#ae, sooten in the oun-
ge@led red pulp, which oomtaima a oonsiderable munt of hamuldes-in

Smll ad !e~m Dole omas poorly prouerved possible duo to oircumtances] ~ Ooints All findings are conputible wit~h death from sacidsut~al overheating.



FEDERAL SK'JRI A NCf Pulo Heath Serv±o
• ~NATIONA M =TIt.3P OF HELTH B ethesda U~s 20.

April3, 1952

Profeasor Jazs A. Reaoisre
Lobund Institut e
Notre Div-* Iwaiena

{-Dear ProfbeUor Rest

Thank you for your kind latter of Nmh 21.

I am vr7 yhaM to kno that radiation studdis on the gar-fre anirA.s
amt progressin wells and tha I will hear farher from Dre, Gordon.

paruing various project at the same times and T hope you w•l accpt r7+
ae'an , orte that this deay~ waa not occsooMorad.+m•_!a._+ "'•,•.='_•+• ..-gmf~a-AAwg _ _:ýt __ h mjrcaeo

Sdeath in th =U r m# and that the experiments oon gf•mnee wnia3.
wyap--a t reprewt -the most t ie hope of settling this question,UYoure ff.ncerelys :0

George Braohe#r M,D,

cc 'Dz, Cronkite

GB, 1l=



As a vasult at nutive badwislegeal okeckinge a 0.u of
six P-rdevely gso-tre.'e vms W ereled to be soate~mited with a m1icroesois I

* ~desitwibed " being similsar to Nimeiwaom monbl7tinus but not soidse
pU'ots1tioIn i 11tml KUl. .%Vbs gauxinmte rats worn know to have been
coutsiatmale t? fe uw'nz t of days minaivawn oftIsdays y'Sorto.
In'.dtitteh, the lost germoofMi suitu'. haviad been tam~ 9 Apr'il 1951
am tke tlint soatutinted sultwe having baen token on H April 190l2)

Arhe if rte ofe day prio tota 8eis 4aps~arfthmme pweoutmigastree

PC"istiousl Gum inJ'v..rwbsl COnv ret o iRatsl

N~uws CData Uzpad -suvival 0* yeabr Datse 00 q s oeV V~ial Days

6//5 WA 42 5/8/152 5
5/f /as 14 842 5/55 to 2

M 5/f/52 14 42 5/oma lim - _

__528 0/625 14

1'6 (vhdudihhD#s5)T

Wn a i W1 reoa fro renwl~tr

0.11 Carves 0m Group

A group of three sinmi4s mAintainsd gem-free for 12'd7a
were fond to have boams aooidutlOW1 *ontenizatsd with so Oueua.
After then. animals were oonteimtd for a maximam of 36 days they were.
exposed to 600 z' total body z.1rz'adisibion in order to investigate the
gf foot of 3. Owens on ,w'vivaa. tims under thoe c oumatauosea Owr standard
woedums, were ned -to ir.alt t49he rale.

A group of three cocvertional rate were exposed to 800 r two weeks
lat or. The difference in irradiation dats for the two group. s wonecasuoy
in order to allow the convezitional enimae' to become habitusted -to the
supplementud diet L1218o.

Of the prevfrusly gers-lies rats, on* animal died 9 daysu follo'irng
z-izradiatioz, another r ftaorifioed while wribund (in order to inuvre
prompt securing of blo~d bacteriological cul-knoe) on the 9th day, and
the third mar uaorifioed no nid on the tenth PcIrt-i1i'!Aiae'Vr 8"

The conventionul animals irradiated asi zomrou for' thir grvup AiF't
on the 6th,t 7th, and 8th post-,IrimAiation days,

~Maintainred on diet LT_242Seplemented with 20 gm/Xg M -2iCo129ý"A2ng
of dried grain and skim milk fomentation aoti~blati.



Bi=ntUod# the wraMval dite ar ua folli-

CQnamS4 ed Conventional

Rat No. Da" S,,vway , Rat No. Dary Survivia

809 9 (died) 853 6 (died)
sic 9 joacoificed mrbuge) 954 8 (died

1; 0 die65) 7 (ded~
(Average - 9A3 day.) (Average - ? days)

In an efotot to establish whebher ewmt the preuicuuIy guru-freu,
B. Coerua contaminated rtse were baote a, culturee wee taken of heartm
ts rmts •#M09,- 810, &ad 211 as wll as a ample of venous blood from the
abdo*•1 yea v an va at the level of he ravel veins of rat #611. No
positivw cultures cu obtained fram the blood aspireted from the uni'als'
be8atz however, Dfaollw• care we Isolteod frou the oavt blood sample
taken from animal 0811. Lwomeb me aso cultues were taken from The
pemitonsal cavity it in impossible to y with ete7inty thst a baoterea a
wa involved sines thbe Is a poessItllity that the erpeam may have bee
plked up from a ootani"ed paritoass oavity.

in the urinary blsadde and it this vwer an &*ending infeetilon, the
preema.e of the contutawl i the eul, blood m t be "counted for
it tU heart's blood hed mat beow t-U. The eths im--n,- -s +A'- •-- -

D[ MDe.eeeeee tlra Orm

Two rat ef our 4th generatlon glrm-froo steck, kown to have been
gum-fmes fto a mi*nim. of seve daye, at whinh time the dm was killed in
the catatmhy of NiovbW 14, 1951. whieh more tha duaJiamted our awe-
fne colony. Theas rate, thin, we mother-suekled for The fi•st mevin
daW and then hwad-fed throuh manlg. ftltupes taken of the sage and
saiml•e on Duo-s- 17 1951 proved to be eontamimted with Nierooocus-

hies and MWifoenoo" 1" 08u ni~dantified). It m decided to expose
the rati to an inordimtely severe dome of ftoiL body z--rsudistion, and
ac*ordUagl7 tbase and tw oonventional rats uea, "sed taX O r X-ray
on :rmu=7 31, 1933 uaig our standard prooodures. There ts a very
slight diffuso. in the SMOTiMw time of the eonventionl rate and the
preswuly ge3m-free sits, that of the convention rate being 4 days (both
dying without Lntes ruee) und ,thst of the germ-free animals being 5 days
(one d7ing without Jtwrfeorne a"d the other being uao ifieod while mai-
bund for baoerl•ologls.a study). The bawturLologit' report on the restuat

SPreov io17 reported on Deombor 17, 1952. Rat #816 (oe* hintology
reports) was one of the animals destroyed by best at that time,



of blood culture ,takf from the worib~od rat is submitted herewith

Rat #X=00 - 21• (151 omm) wlob W~ roeeved 2D00 r
Xsra7 rrtdistion - nrmifw by M artat ao (hu puno -
tureoan Yrb-mr7y 5, 1953. 0mn Al heart blood, takn abeptically1h a rtle "pimpl, r Ms 1aoo .ated ilto 10 ml fluid thiogayct lt.o.muedium and Susubsted at 370 0.

The cultwe warn ezolmAd 1 days, 3 da, 7 days, 0 d)7l,Lo d 48 days LnrIoculation but w eswtdno. of bac'teriasl Frct'
was detectedin. o..

-T

B\



1.4-

A* 20 &UP1 of TuiZm8spqI-A bsstmat on Gong-

h404 $VVO 0i-bss Md uA mwentin1 ut mu "M eme to
In the No aidMlatrLe ssafto of MU~ report*. Sx of asWmbadmalm and Un conmwtnds m1umn an Imvdt in Or membeof Oa pi nevive aumw4 b2r " omumom iunsscas I* gm bocunjmt of amdm'qwM1Iu Anspboq'a.n adLkt vKU Wo otla' no.buy of am& la~o psia Iw'2 retiusd *01 I/2Aw P bsd~ w"d
of mano.vqmpo 0 an hw ~umme lbs mumip"f molus oe mpuv4 be* &d.2 In a !0a j uj&sts 2w tm red~ ermffad1o uan -pdt a IIm I am= (impt in the r~MOAt in tun

Vt9-mta" ee-t~dt 601 _______o-t~o o f1~

"?JA as 2t" wa'vu " ore I e fdehXT .zi Orin M~me 
___O d #foLd A=tfte =

is duoaiam pabm id v" mtmI L=*= 1j.owmau of117k omey n strithdWtooray f). .1 WEb.zo a esPii'&Or'.

x ody, -am I o*.



At aiatoPqr rA Olfte'udg L 'iblron3 were noticeable macmecop-IC#S~T betvn t 1m 1 &&Um U~%&nfa and tko stsvpto~Vol treated-7irretatd rts. It wa vbnsa~v4 basm g MA the injted rate, withotA
cKORPt~on abowad sildems of comildemab2. bwwb Into the s ubout~amowo
usu at the a1*au of the Lalac'Uame, Rd@u F70 an RMl did nt sufftr
amoaiate with Usm Injectift Momdmws and this mU van coo=b for theirsllgbtilq 10uS3' www~1m Mae



D. oncerning Latent and 9bRiotio Viruseu in Oerm-ree Aimla

We have felt for some time that a level of justifiable certitude
has been attained as resrds the baotevia-freenuue of our ua.imls, Only
recently, however, have we beg" to give serious attention to the
possible existancle of non-s7ptoRtio viml ftorms in thesm same bacteria-
free animals.

This question of the possible presence of inapparent virus, or
viruses, in the refra-free' m•niel finds a parallel in the problem
of the fate of the viral agent in the ordinary latent or eubolinioal
infections so common to the ez9"rienoe of the baoteriologist and the
epidmiologist.

The question of a virus cause of cancer also parallels our basic
Investigation, We refer to the hypothesis that possibly presently un-
known viruese supposedlY-Sadiganous-a O' nly- t-Pore-ri .1 raoulderr in
+.he nimal hosts, my become canoer.induaing when provoked by the rigit
ohemical substance or physical stress. :urt as we do not yet know
whether our gertb-frsee anmals do or do not bariour non-ayeptomatie
v-ruess, so perhaps is it unknovn but what the latent, unxpvoked
virus may not be the key to the canoer enigita.

The foregoin are ezeplllstive of problems of real practical j
signifioance which are yet strictly corollary to our own rather
fundamental-itrs.Fttapr r~jiA,~vvr all 0f theseA-problems are squally Madisnt to direct attack. _Tharn is.- it feoot, a
..uggestionof--*te pProig evesin-the thougt of attasking them, and
this, being evident to research administrators, probably aoemunts in
some measure for the pauea4+v ,9f s-,41Ii.
at-aldit- n th ue•i urned to. Accordingly, though the

importance of the qsartien Is reened, report at ohsi t=e neabe 21mited to certain Incidental findingsl shaved from other currently
more extensive undertokige.

(a) Attemt at X-Ray Activation of Latent Viral Agents in
Gerci-P~ree Chicks.

,Ex. No. 59L2-1 Attempt at X-ray stimulation of latent

Rotun e~o• v~cmin Gr chicks.

Protocol A. (Birds from Exp. No. 47L2-3)
OOhok #51. Inooa :9 with 1.0 ml of active Roue Fil-
traie PVI but found to be resistant to it undor 73
days of observation,

Conventional Chick #III-3. Developed an &typical tmor
to 0,5 ml of Filtrte 7V1, but this then showed complotg
regression prior to X-ray exposure (as noted below).

Conventional Chick I noc, with 1,0 m of normal
chicken muscle'haihan' maintained in close contact
wit• RouB tuor-bearing chicks for a nr•,r' of 73 lanys
prior to X-ray exposure (afr notod boiW).



Irradiation. These three chickone wero Wcatoutd with .'2O r

o- -• - sr . (bservation was made for 32 days after exposure
witbhno erternal sign of tumor induction durine this I
period. The birds were then iaorifiood. Neoropoy dis-
closed no pathology suggestive of noop1r!•i.

""k #381. Ino. with 0.5 ml of native Rous Filtrate

MI raied -to respond after 57 days, at which timo
irradiation was made.

OF Chick 4. W Not inoculated but housed under OF condi-

Tiii e•iose oontact with Rous tumor-bearing birds for
a period of 57 days, and then irradiated,

Irradiation. These two chicks treated with 300 r of X-rays
_ -- afte gor-eoring- wnrta-mtnted.. go otoarnal signs of tumor

90 days after irradiation.

No, 59L2-2Attempt at X-ray stimulation of latenvt humnIi infectious hepatitis virus in V chicks.

?Protocol A. i

- - - - ~~n Ohio k ,, previouslyiocltdirpetna2y d
r .intrav.anu•ly, wihout effect. Chicks of the same clutch and

housed in the some OF unit, but inoculated intramusoularl7 or

RMi showed the "usual sydrcme"* AS Previously observed with1 2
this virus in OF chinka.z

Methodt s Three chicks were involved.

OF chick #439 (0) inoculated IP with 0.25 ml of filtrate
GF chick #437 M) ioculated IV with 0.25 ml of filtrate
OF chick #438 (4) ineculated rV with 0.25 ml of filtrate 4
These were Highview Farm chicks, inoculated at 28 days of
age. The three chioks listed were euposed to 330 r of
X-rayi 55 days after inoculation with the virus.

Resultes Two OF chicks inoculated IM and one GF chick receiving
an or administration of this same virus preparation boo=me ill
in about 9 or 10 days and all three grow moribund within 13 days
after the administrations of the virus. The three OF ohicks
inoculated I? and TV, listed above, showed no definite signs of
illness over a period of 55 days following inoculation vith the
virus. At this time these three OF chickens were irradiated
with 300 r of X-rays. Observation of those chicks was continued
for a further 35 days. No untoward signs were detected end
neoropey, performed 90 days after the inooulationw, disolosed no
pathology attributable to virus or X-ray effects.



(b) Attempt at X-ray Activation of Syzbiotio Viral Agents in
Germ-Yrere Chioks
FMz. No. 59L3s1 Atte•pt at X-fty stieulation of possible symbiotio

viral agenel in OF ohicks.

Protocol A

!Purpoei To test the possibility of activation of egents or of
Spr•dction of toxic products in C; chioks by X-ray irradiat¢.on,
such activation or production to be de ermined by oeru= transfer
from irradiated C ohick(@) to normal (ff chick(s).

SMwthodi a? chick #14 was irradiated with 400 r of X.rays.
Wen -'four hours after ezposure heart blood was drawn from this
chicken. Since this work wis done in * (7 unit, Serum A wac

i obtained by allowing the !0 to settle out under a force of 1 g,
A second portion of this bloodg howsve, was rmemovd from the
07 cage aMd contrifuged an- the outside to. e yT3_T B, Some
of Serum A was also reoved to the outside.

Znoculationst (1) G? chiok f18 was inoculated Litravenously
with 0.5 ml of Ser-u A (containing some HBO).

(3) Conventional chick #18B was inoculated
ifttMV@!WOQNl7 46 rith m. l o? f 03wrA
(containing so;e O)

Ell (3) Convent~ional chick #18C Was inoculated intra.
venously with 0.5 ml of Gsrwn B (clear).

oii i -- No-signsof Illness were detected in any of these
7f;V5Tdo during a 29-day period of observation. All of the
chicks appeared active and norml throughout the whole of this
time.

The results of these few fra4ectar erperiMents of oourse do
not point to any st•ndard .plicoaion of X-ray Irradiation to the
activation either of know subclinical viral infection or of presently
unknown symbiotic viruses. This in for the future. We feel that the
development of a method or methods for the detection of inapparent
viruses (latent and/or symbiotic) Is of prime importance to our own

Mene snd to the practical purposes cited At the beginning of this section.
We s•peot to do further work in this direction.

-. 4
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C. Poot-ortem Bacterial Invasion into the Peritonesl Cavity of the
Conventional Albino Rat.

The question as to the reliability of taking baoteriologic cultures
from the tissues or parenteral cavities of a,'mals which have been dead for

lengths of tims to-an important one since it is often desireable to
establish whether death was cauised by,, or at lout coincident with bactere-
mia. Obviously, the tissues and parenteral cavities of a dead animal can
be expeoted to show eventrAl contarmtion via bacterial invasion from the
intestinal tmaot etc. In a preliminary experimntp data are presented to
iritoeste an appraximation of tim at which post-miotem bacterial invasion
taken place into the peritoneal cavit7 of the @orientional albino rat.

FUVt.two ad•lt whit rats in apparent good health wwv sacrificed
by an overdose of other. The tim of death was arbitrarily set at the
cessation of breathino. The alma ire kept at room teamture for
various lergthe of tim follwne saorif1As.

The multure tchrnique is briefy wmi1arsedi

L. Dmroe total bo4 in 0.2$ potasui= x9nwo o iodide to vat
down surfaoe.

2. Incise and fold back abdominal skin lqar with electric

3. Paint exposed aWo•i"el m•ce laler.with tinatue of iodin,
Ij n.a mole - lM01- nr and p--I twrwa& j Md Vitt Uictrio

5U . 3.awleperitOama1 cavity with sterile aotton applicator swab.
6. Cultre mab in fluid toglycollate indi at 3M00 and ob-

semi for wmu4+.%.

Results

h ease distribution of positive and negative peritoneal cultures
is sheen for varying tim intervuls after death. (see grp' ).

With rare exeptionp iu3.s dead lose than ten hours s hmd aega-
tive peritoneal culturs, At the later ti. intervala, the positive cu.l-
ture caes increased but even at the 18,75 hom makr a negative culftre
was still encountered.

The contamination wes generally made up of a mized bacterial popu-
lation involving Gram positive to OzGm variable sporulating rode, Gram
negative rods and oam positive coc.,

While at this writing, w have rit established the time at which 100%
contamintion can be expected# a 50% contmination expectancy probably lies
in the 10-15 hour range.

Asswding the bacteria eventualy fouid in the peritooaal cavity tojbe the result of invasion from the intestinal lumen, the intestinal wall of
the normal oonventional. rat apparently can contain its miroflora for an
appreciable time after death.

MLood cultares were also checked L• eight of the rate reported above#
in those cases where heart blood could still be obtained aseptically by



?iendie and syrirnge, athough mt benrt bamod AN411SI o~ btained in rata
*altwed at tbAa sulier post-intei tt.g it "m posalibla to obtain heart
It Was later eauabliusbd that all. blood cultw em from rate wbih had
also vu~w negative psWi~t4M ofYitr otlt~g.

UVMwa Oonntimwl %Sb=Stor7 yatS ftiah Wo died aOwtmou"1
after X-Mz ingedAltim, "M MWdmd i ft~loiool br Ih p 1 1 d'o2tjW. tts
bewt blord and pnitoawl swity

Dim r Rat 53H82B iftI'

Stat=wu O~nUIow1 l~oatmuk rat
DWI-- - -2048/2 (18 iqu -pWs rue) apuatmu death

Hswt -buoft wptI rob

DAM rTs RA 531104-2#03

_ ~~~~x-rvT ,~/~70)-V ovp (7 Pet -z.Vv))idet
-*at~wben's - fter deth ___ - -I

I-rans 9/26/ a Pr)
Died: IOU ~6 dou post Z-uq) Rsaomtmo datb

~ltu'setak mlS tin aft"r teath
Puital ayi, ~i-~ai~eraft

&aert Wloods wt rm

In the thro. Oaus sited for Z4Wsyd oomm timl labortOry rate,
o.ma I md 31 bahd intrlul Puritomal mltw takenn I1m 4s haeo after
deat imipiitiTVl, *A""P OZMMD U"ti reds mm mouared In both 0uSD
fd.m beart blood- Im n SM U! tba pw1"It~l clture talmn 15 uI.~t~a
after death reuulted in z'soWvs Of (kingati rob, Sar blood we
wt tW=m on this lAtter min but It Is WuOWal that with a positlys
PorItciial cltdms, the blood mltmi wm1d also hay bee positive in tide
pmtivý an.



Distribuo•ion of Positive and Negaxtive Peritoneal

Cultures Taken at Various Time Intervals Pfter Death
of Normal Rats.

Negative .after Positive

Culturea _Death Cultures.

04 -owe 1 --

* -- a "--

Noe Each do" ersnsoeanm r- da h

14 r I

S • ---- a ---

S• --~- 13 --

"" 14 "-

-,, 15 - eo

* --- 18--- ,

* 4

"- 17"- a..

No-tes Eaah dot represent. one anic~l enu.~ina at the
indicated time period following death.



F. N~ein of ths. LOEMUTD-Atonic SnarjZ Comrlssion AdVi•.aM 30a•,

This meting wa attendd ' Dr. ZaRoy, Oo nder Cronkite, Dr. YAUer,
Dr. Tuttle, Professor Rvqrdews and Dr. Gordon.

I. Reyniers and Gordon presented the results of the rat irradiation
experimnte to the groupo n eIn oe, t, there wa.s a general a•reement
in respeot to the interpretation of tbe findings (see attached report).

2, The group aoepted Dr. L.Ro1o' plan for the next radiation exped.-
-ent. This was laid out to establish defin-te.y tho lethal doe and
survival time in the germ-free rat. Details are sa followst

TRRADIATIO!N (MlI RT]
%Q or 8 8

- O r -W r
700 r88

•r

Ma orh der to obtain signd~ioant, results, it was emphasised by' th
advisors pDr. (especial lt. D•- '-- ----Y--l" -

within each group and between the two exporimntal Vamps (germ-free
-and control) suffers onc-idrably u wr ouch oondition. -- It was also
mado clear doting the discussion that our results are uargently rnedadby the A.E*.O. to plan vAeqastely ftur tests.

The group accepted th following plant 3 irradiation deys per week
with 2 germ-free and 2 contral rats per daF, the total of 12 animals

rer week. According to this, the ezpriinnt would be completed within
weeks, ,

Other detail.t The rata should weigh 200 - 250 grams and should be
10 to 14 weeks old. Oonstanc' in bowightg boweverp is more-impor-
tant than constanoy in age. As it has been shown recently (greenhouse
on 5000 mice) that sexes do not respond differently to radiation, no
restrictions were made almW these rnes,

All animals should be kept on the same diet. The controls should be
put on the sterilized ration as soon as possible.

All animals should be observed either antil they becoe moribund or
until death occurs. Recovered iurvivors should be sacmificed not sooner
than 60 days after radiation. AutopSy results, organ weights and ter-
minal hematological data should ba recorded when possible. Hematology4 during the course of the experinment w-ll be omitted.



UaotorloloWg 1rborator7 should perform orly .,outb i fo

4 3. Another d3oosion reached by the group Yes to idTadiato a-V no-bobiotic
rates (intentionally or ldantai 4 molo- or poly- eontaidnatsd) as they
approach tho montioned weight and age. TIe radiation dosage shoul:d be
milform 800 r. W;hen morib•d., attempts sbould be made to obtain heart
blood cultures in thioglyaollate. All other details of this experiment
should be the same as deseribed under #2.

4. Soruggs presented the findig of the preliminary chioken irradiation
experiment. There wre n special wnts Wase.

ADDEND.A

A. After the closing of the formal meting, Dr. Gronkite aid Dr. Tuttle
suggoafAd to fortify the LeUNW normal control LD50 data by the irradia-
tVion of additional 30 aImul at LO0 and 700 r (15 animals in each group).
Another suggestion made at this tim was to expose ow germ-frea-rat to
2000 r doupg and "mm what V4ll happn". Avoording to them., a suravival
longer than 6 to 8 dagu in this ease would be a real mjackpot".

B, When possible spot-*book platelet counts should be made in whole

blood diluted with 1% 1=~io oz~ateta• C. •Dr, LaRW prrea to vaen to LOSMII the bluerit of an efficient

rat restra•nIng device as won as hw* blood toropipettea.

-, ting• o aeed arowur 6I00 P.M.
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